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PREFACE 

The  ELEiTEXTS  op  Hydrostatics  seem  capable  of  beiii«^ 
presented  in  a  simpler  form  than  that  in  which  they 
appear  in  all  the  works  on  the  subject  ^\nth  which  I  aui 
acquainted,  I  have  therefore  attempted  to  ^ve  a  simple 
explanation  of  the  Mathematical  Theory  of  Hydrostatics 
■4nd  the  practical  application  of  it. 

Prior  to  the  publication  of  this  work  some  copies  w^ere 
privately  circulated  with  a  view  to  obtain  opinions  from 
Teachers  of  experience  as  to  the  sufficiency  and  accuracy 
of  the  information  contained  in  it.  A  few  suggestions 
received  in  consequence  of  this  arrangement  will  be  found 
in  the  Notes  at  the  end  of  the  volume. 

I  am  indebted  to  several  friends  for  the  collection  of 
Miscellaneous  Examples  given  in  Chapter  viii.  In 
conclusion  I  have  to  express  my  thanks  for  the  favour 
with  which  my  attempted  to  simplify  the  course  of  Elemen- 
tary JNIathematics  have  been  received  by  College  Tutors 
and  Masters  in  Schools. 
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HYDROSTATICS. 

CHAPTER    I. 

O71  Fhiid  Pressure. 

1.  Hydrostatics  was  originally,  as  the  name  imports,  the 
science  whicli  treated  of  tho  Equilibriimi  of  Fluids,  or  of 
bodies  in  equilibrium  mider  the  action  of  forces  some  of 
which  are  produced  by  the  action  of  fluids.  It  is  now  ex- 
tended so  as  to  include  many  other  theorems  relating  to  the 
properties  of  fluids. 

2.  A  fluid  is  a  substance  whose  parts  \1eld  to  any  force 
impressed  on  it,  avd  by  }-ielding  are  easily  moved  among 
themselves. 

3.  This  definition  separates  fluids  from  rigid  bodies,  in 
which  the  particles  cannot  l;e  moved  among  each  other  by  any 
force,  however  great,  but  it  docs  not  separate  fluids  from 
poicders,  such  as  flour,  in  which  we  have  a  collection  of 
particles  which  can  be  moved  among  themselves  by  the  appli 
cation  of  a  slight  force. 

4.  A  fluid  differs  from  a  powder  in  this  way :  the  particles 
composing  a  powder  do  ni>t  move  among  themselves 'without 
frictiun,  whereas  the  particle^  that  make  up  a  fluid  move  out- 
over  anotiicr  without  any  friction. 

For  exami)lo,  if  you  empty  a  mug  of  flour  oi»  a  table  the 
friction  between  the  particles  will  soon  )»ring  the  flour  to  rest 
in  njore  or  less  of  a  heap:  wlicre:u  if  you  empty  a  nmg  of 
water  liie  particles,  moving  without  friction,  run  in  all  direc- 
tions, :uid  tho  wholo  body  of  v.atcr  is  spread  out  into  a  very 
tliiu  sheet. 

8.  n.  ) 
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5.  To  tlistinguish  fluids  from  i>owders  wo  must  therefore 
make  an  addition  to  Art.  2,  and  we  give  the  following  as  a 
complete  definition  of  a  fluid. 

l)i:r .  A  Jluid  is  a  substance  ichose  j^arts  yield  to  any  force 
imjyressecl  on  it,  and  by  yielding  are  easdy  nijced  among 
themselces  icithout  friction,  and  also  act  without  friction  on 
any  surface  with  ichich  they  are  in  contact. 

This  definition  includes  not  only  the  bodies  to  which  in 
ordinary  conversation  we  aj^ply  the  terms  "fluid"  and  "liquid," 
such  as  water,  oil,  dud  mercury,  but  also  such  bodies  as  air, 
gas  and  steam. 

6.  Fluids  may  be  conveniently  diWded  into  two  olassefe, 
liquid  and  gas-jous.  By  the  term  liquid  we  miderstund  an 
incompressible  and  inelastic  fluid.  In  reality  all  fluids  with 
which  we  are  acquainted  are  compressible,  that  is,  a  given 
voluii.e  of  fluid  can  by  pressure  be  reduced  in  volume.  Still 
so  gicat  a  force  is  required  to  compress  to  any  appreciable 
extent  such  fluids  as  water  and  mercury,  that  we  may  regard 
them  as  incompressible  in  treating  of  the  elements  i)f  the 
subject. 

7.  The  inela.-tic  fluids  \vith  which  we  are  practie.Uly 
acquiiinted  approach  more  or  icss  to  a  state  of  perfect  fluidity, 
but  hi  all  there  is  a  tendency,  greater  or  less,  of  adjacent 
particles  to  cohere  with  each  other.  This  tendency  is  stronger 
in  such  fluids  as  oil,  varnish  and  ineitcd  glass,  than  in  such  as 
water  and  mercury.  Hence  the  former  are  called  irnpt  rfcct 
or  eisc'nu<!  fluids. 

8.  The  ail*  which  we  breathe  and  gases  ai-e  compressible 
fluids,  and  are  endowed  with  a  ix'rfect  elasticity,  so  that  they 
can  change  their  shape  and  volume  by  compression,  and  when 

he  com[>ression  ceases  they  can  return  to  their  former  shape 
jid  volume. 

9.  Tapours,  as  steam,  :ire  elastic  fluids,  but  witli  this 
peculiarity:  at  a  given  temperature  in  a  given  space  only  a 
certain  quantity  of  vapour  can  be  c»mtained,  and  if  the  space 
or  the  temperature  be  then  diminisheJ,  a  portion  of  the 
vapour  becomes  hquid,  or  even  in  some  cases  a  solid. 

10.  Before  proceetling  further  with  our  subject  we  umst 
exX'lain  the  meaning  of  some  technical  terms  which  wc  shall 
have  to  employ  frequently. 
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11.  A  Fistuii  is  a  short  cyliutlcr  of  wood 
or  metal,  which  fits  exactly  the  cavity  of 
another  cylinder,  aud  works  m\)  and  down 
alternately. 

12.  A  Valve  is  a  closed  lid  affixed  to 
the  end  of  a  tube  or  hole  in  a  piston,  open- 
ing into  or  oiit  of  a  vessel,  by  means  of  a 
hinge  or  other  soil  of  moveable  joint,  in  such 
a  manner  that  it  can  be  opened  only  in  one 
direction. 

13.  A  Prism  is  a  solid  figure,  the  ends 
of  which  are  parallel  equal  and  similar  plane 
figures,  and  the  sides  wliich  connect  the  ends  ^ 
are  parallelograms. 

The  figure  represents  a  rectangular  prism,  in  which  each  of 
the  lines  bounding  the  surfaces  of  the  prism  is  at  right  angles 
to  each  of  the  four  lines  which  it  meets. 


\ 

\ 

\ 

\ 

14.  We  shall  often  have  to  use  the  expression  Horizontal 
Section  of  a  tube  or  iiollow  cylinder,  and  we  may  explain  the 
moaning  of  the  expressi<m  by  the  following  example: 

Suppose  a  gun-barrel  to  be  phiced  in  a  vertical  position : 
suppose  a  wad  to  be  part  of  the  w:iy  down  the  barrel  with  its 
upper  surface  exactly  [)arallel  to  the  top  of  the  baiTel:  tlien 
suppose  the  i>arrel  to  1)0  cut  away  so  as  just  to  leave  tho 
ujiper  surface  of  the  wad  exposed  :  the  area  of  this  surface  of 
tho  wad  is  called  the  horizontal  section  of  the  barrel. 

1.').  The  matheniiitical  theory  of  Hydrostatics  is  founded 
on  two  laws,  which  we  shall  now  exi»lain. 

i  — i 
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16.  La'W'  1.  The  force  exerted  by  ajluid  on  any  surf ace^ 
icith  ichich  it  is  in  contact,  is  jyerpendicidar  to  that  surface. 

17.  This  law  is  merely  a  reiJetition  of  the  definition  of  a 
fluid  given  in  Art.  5,  and  we  can  best  exploiu  its  meaning  and 
application  by  an  example. 

If  AB  be  a  cylinder  immersed  in  a  fluid  the  pressures  of 
the  fluid  on  the  curved  sui-face  are  ail  perpendicular  to  the 


axis  of  the  cylinder,  and  the  pressures  of  the  fluid  on  the  fat 
ends  are  all  parallel  to  the  axis.- 

Now  it  is  a  law  of  Statics  that  a  fdrce  has  no  tendency  to 
produce  motion  in  a  direction  perpendicular  to  its  own  direction. 

Hence  the  pressures  on  the  curved  surface  have  no  tend- 
ency to  produce  motion  in  the  dn-ection  of  the  axis,  and  the 
pressures  on  the  flat  ends  have  no  tendency  to  produce  motion 
in  a  direction  perpendicular  to  the  axis. 

18  Law  II,  Any  pressure  communicated  to  the  surface 
of  a  fluid  is  equally  transmitted  through  the  whole  fluid  in 
every  direction. 

\Jd.  A  characteristic  property  of  fluids  which  distinguishes 
them  from  soUd  bodies  is  this  f\iculty  which  they  possess  of 
transmitting-  equally  in  idl  dirccLious  the  pressui'cs  applied  to 
their  sm-fuccs. 
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It  is  of  great  importance  to  fonn  a  correct  notion  of  the 
principle  of  "the  equal  transmission  of  pressure,"  a  principle 
whicii  is  applicable  to  all  fluids,  inasmuch  as  it  depends  upon 
a  property  which  is  essential  to  all  fluids  and  is  nut  an  acci- 
dental property,  as  "weight,  colom-,  and  others. 

20.  Suppose  then  we  take  a  vessel  A  BCD,  in  the  form 
of  a  hollow  rectangular  prism,  and  place  it  on  a  horizontal 
table. 

Place  a  block  of  wood,  cut  to  fit  the  vessel,  so  that  it  rests 
on  the  base  BG  and  reaches  up  to  the  level  EF. 


M 


fcL. 


u 


Then  if  we  place  a  weight  P  on  the  top  of  the  block  an 
additional  pressure  /-*  will  be  imposed  on  the  base  of  the 
prism. 

Now  suppose  the  block  to  be  removed  and  the  vessel  filled 
with  an  incompressible  lluid  up  to  the  level  o^  EF. 

Suppose  a  piston  exactly  fitting  the  vessel  to  be  inserted 
and  a  pressure  P  applied  by  means  of  it  to  the  surface  of  the 
fluid  at  EF. 

In  this  case  the  pressure  P  is  transmitted  by  means  of  the 
fluid  not  only  to  the  base  BC\  but  also  to  thf,  sides  of  the  vessel, 
and  if  we  take  a  unit  of  area,  as  a  square  inch,  in  the  side  FO^ 
and  a  tinit  of  a)*ea  in  tiie  Uise  UC^  the  same  additional  pre.<- 
BUi'o  will  be  conveyed  to  each. 
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•2i.     That  jiaida  transmit  j^ressure  equally  in  all  direc- 
tions rruiybe  shewn  experimentally  in  the  following  manner: 


ABC  is  a  vessel  of  any  shape  filled  with  fluid. 

Make  openings  of  equal  area  at  A,  B,  C. 

Close  the  openings  by  pistons,  kept  at  rest  by  such  a  force 
as  may  be  retiuiied  in  each  case.  Then  it  u*ill  be  lomid  that  if 
any  additiontd  force  P  be  applied  to  tlio  piston  at  A,  the 
same  force  P  nnist  be  appUed  to  each  of  the  pistons  at  B  and 
do  prevent  them  from  being  thrust  out. 

If  the  area  of  the  base  of  one  of  the  pistons,  as  B,  be  larger 
than  the  area  of  the  base  of  tJie  piston  A,  it  is  found  that  the 
pressure  which  nnist  be  applied  to  B  to  keep  it  at  rest  bears 
the  same  relation  to  the  pressure  applied  to  A  that  the  area 
of  the  base  of  B  boars  to  the  area  of  the  base  of  A. 

22.  From  the  preceding  article  it  is  clear  that  if  a  body  of 
fluid,  supposed  to  be  without  weight,  be  confined  in  a  closed 
vessel,  the  pressure  communicated  to  the  fluid  by  any  area  in 
any  part  of  the  ves^icl  will  be  transmitted  equally  to  every 
equal  area  in  uny  other  part  of  the  vessel. 

it  is  owing  to  this  fact  tliut  the  use  of  a  Safety  Vahe  cuu 
be  depended  on. 
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Thus,  if  the  vessel  A  be  full  of  steam  and  the  pressure  of 
the  steam  be  required  to  be  kept  down  to  200  lbs.  on  the 
square  inch,  if  a  valve  B,  whose  area  is  a  square  inch,  be 
placed  at  any  part  of  the  vessel,  and  be  so  loaded  that  it  will 
require  a  force  of  200  lbs.  to  raise  it,  then  if  the  steam  acquire 
an  increase  of  pressm-e  above  200  lbs.  on  the  square  inch,  the 
valve  \nll  open,  and  will  remain  open  till  the  pressure  of  the 
steam  is  just  equal  to  200  lbs.  on  the  square  inch. 

2.3.  Any  force,  hoicever  small,  may  hy  the  transmission 
of  its  pressure  througli  a  fluid,  he  made  to  support  any 
tceight,  hoicever  large. 


1 
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Suppose  DE  and  FIT  to  be  two  vertical  cylinders,  con- 
nected by  a  pipe  £1/,  and  suppose  FH  to  have  a  horizontal 
section  much  larger  than  the  horizontal  section  of  DE:  for 
insUmce,  let  the  area  of  a  honzontal  section  of  FIT  be  400 
squaie  inches,  and  the  area  of  a  l:orizontal  section  of  DE  be 
1  square  inclu 

Now  if  water  be  poured  into  the  cylinders,  and  pistons  A 
and  />  be  applied  to  the  surface  at  D  and  F,  whatever  force 
we  apply  to  A  will  be  transmitted  to  each  portio)/  of  the  base 
of  the  piston  B  which  is  equal  in  area  to  the  base  of  the 
piston  A. 

Hence  a  pressure  of  1  lb.  applied  to  the  piston  A  will  pro- 
duce a  pressure  of  400  lbs.  on  the  base  of  the  piston  B,  and 
will  therefore  support  a  weight  of  400  lbs.  placed  on  the 
piston  B. 

This  -effect  of  pressure  by  the  medium  of  a  fluid  ia  often 
op.ll.'d  Tlie  Ilvdrostatic  Paradox. 
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Examples. — I. 

(1)  ty  the  experiment  described  in  Art.  23,  if  the  horizontal 
section  of  the  small  cylinder  be  1^  square  inches,  and  that  of 
the  larger  cylinder  64  sq.  in.,  find  the  weight  supported  under 
a  pressure  of  1  ton  exerted  on  the  piston  of  the  small  cylinder. 

(2)  If  the  horizontal  section  of  the  small  cylinder  be  1^ 
square  inches,  and  that  of  the  large  cylinder  2-iO  sq.  in.,  find 
the  ^yeig•ht  supported  by  a  pressure  of  3  cwt.  applied  to  the 
piston  of  the  small  cylinder. 

(3)  If  the  pistons  are  circular,  the  diameters  being  \\  inch 
and  50  inches,  find  the  weight  supported  by  a  pressure  of 
15  lbs.  applied  to  the  smaller  piston.  (N.B.  The  areas  of 
circles  are  as  the  squares  of  their  diameters.) 

(4)  A  closed  vessel  full  of  fluid,  with  its  upper  surface 
horizontal,  has  a  weak  part  in  its  upper  surface  not  capable 
of  bearing  a  pressure  of  more  than  4^  pounds  on  the  square 
foot  If  a  piston,  the  area  of  which  is  2  square  inches,  be 
fitted  into  an  aperture  in  the  upper  surface,  what  pressure 
applied  to  it  will  burst  the  v(?ssel  ? 

(5)  A  closed  vessel  full  of  fluid,  with  its  upper  surface 
horizontal,  has  a  weak  part  in  its  upjicr  surface  not  capable  of 
bearing  a  pressure  of  more  than  9  lbs.  upon  the  square  foot. 
If  a  piston,  the  area  of  wliich  is  one  square  iuch,  be  fitted  into 
an  aperture  in  the  upper  surface,  what  pressure  applied  to 
it  will  burst  the  vessel  I 

(6)  If  the  horizontal  section  of  the  small  cylinder  be  1^ 

square  inches,  and  the  diameter  of  the  large  piston  20  inches, 

find  the  lifting  power  of  the  macliine  under  a  pressure  of  1  ton 

exerted  on  the  piston  of  the  small  tube.     (X.B.     The  area  of 

22 
a  circle  is  ^  times  the  squire  of  the  radius  nearly.) 
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24.  The  pressure  at  any  point  in  any  direction  in  a  fluid 
18  a  conventional  expression  used  to  denote  the  pressure  on  a 
unit  of  area  imagined  as  containing  the  j^uint,  and  ijerpenJicu- 
lar  to  the  direction  in  question. 

For  example,  if  the  whole  pressure  of  a  fluid  on  the 
bottom  of  a  vessel  is  2000  lbs.,  and  the  pressure  is  uniform 
throughout,  then  if  we  take  a  square  inch  as  the  unit  of  area, 
and  the  area  of  the  bottom  of  the  vessel  is  40  square  inches, 

the  pressure  at  a  point  in  the  base  is    —-  lbs.  or  50  lbs. 

25.  The  student  must  carefully  observe  the  distinction 
between  the  expressions  "pressure  on  a  point"  and  "pressure  at 
a  point" :  the  former  is  zero,  because  a  point  has  no  magnitude. 

26.  If  a  mass  of  fluid  is  at  rest,  any  portion  of  it  may  be 
supposed  to  become  rigid  without  affecting  the  conditions  of 
equilibrium. 

Thus  if  we  consider  any  portion  A  of  the  fluid  in  a  closed 
vessel,  we  may  suppose  the  fluid  in  A  to  become  solid,  while 
the  rest  of  the  fluid  remains  in  a  fluid  state,  or  we  may  suppose 
the  fluid  round  A  to  become  solid,  while  the  fluid  in  A 
remains  in  a  fluid  state. 


^^inifpiiii 


.  T^f^v 


^'^K 


27.  The  importance  of  the  principle  laid  down  in  the  pre- 
ceding article  miy  be  seen  from  the  following  considerations. 
The  laws  of  Statics  are  proved  only  in  the  case  of  forces  acting 
on  rigid  bodies.  Now  since  the  supposition  of  any  part  of  a 
fluid  becoming  solid  docs  not  aficct  the  action  of  tiie  forces 
acting  upon  it,  and  since  we  can  in  that  case  obtain  the  effect 
of  those  forces  by  the  laws  of  Statics,  wo  shall  know  their 
effect  on  the  fluid. 


fO 
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2S.  If  a  bodv  of  fluid,  supposed  to  be  Avithout  weight,  be 
confined  in  a  closed  vessel,  so  a.s  to  exactly  fill  the  vessel,  an 
equal  pressure  v.ill  be  exerted  on  the  fluid  by  every  equal 
area  in  the  sides  of  the  vessel  (Art.  22),  and  we  proceed  to 
shew  that  the  pressure  is  the  same  in  all  directions  at  every 
point  of  the  fluicL 

For  let  0  be  any  point  in  the  fluid,  and  AB,  CD  two  plane 
siirfaces,  each  representing  a  unit  of  area,  passing  through  O 


and  pru-allel  to  two  sides  of  the  vessel  EF,  GH.  Then  drawing: 
straight  linos  at  right  angles  to  AB,  CD  from  the  extremities 
of  AB,  CD  to  the  sides  of  the  vessel,  we  may  imngine  all  the 
fluid  except  that  contained  in  the  prism  ABNM  to  become 
solid. 

Then  the  pressure  exerted  on  the  fluid  by  the  area  MN 
will  be  transmitted  ^  AB. 

Again,  if  we  suppose  all  the  fluid  except  that  contained  in 
the  prism  CDSR  to  become  solid,  the  pressure  exerted  on  the 
fluid  by  the  area  RS  will  be  transmitted  to  CD. 

Xow  the  pressures  exerted  on  the  fluid  by  the  areas  MN, 
JiS  are  equal,  and  consequently  the  pressures  on  AB,  CD 
^111  be  equal,  that  is,  the  pressure  at  the  point  0  is  the  same 
in  all  directions. 

Also  since  the  distance  of  the  point  0  from  the  sides  of  the 
vessel  is  not  involved  in  the  preceding  considerations,  it 
folTows  that  the  pressure  is  the  same  at  every  point 


CHAT'TER  II. 

On  ike  Pressure  of  a  Fluid  acted  07t  by  Gra^'ity. 

29.  1m  the  preceding  chapter  we  considered  the  conse- 
quences thcit  result  from  the  pcculiur  property,  essential  to  all 
fluids,  of  tninsmittinf?  equally  in  all  directions  the  pressures 
applied  to  their  surfaces. 

We  have  now  to  cotisidor  the  effects  produced  by  the 
action  of  gramty  upon  the  suhstmw^-  of  a  fluid. 

30.  The  student  must  mark  carefully  the  distinction  be- 
tween force  apitlied  to  a  surface  and  force  applied  to  each 
of  the  particles  composing  a  body.  As  an  example  of  these 
distinct  forces  consider  the  case  of  a  book  resting  on  a  table. 
Force  is  applied  to  the  sui-faco  of  the  book  by  the  table,  and 
thus  is  counterbalanced  the  force  of  gravity  which  acts  upon 
each  pai-ticie  of  whicli  the  l)ook  is  comjwsed. 

31.  All  fluids  are  sui)ject  to  the  action  of  gravity  in  the 
same  way  as  .solid  Ijodies.  Each  particle  of  a  fluid  has  ;i  tendency 
to  fall  to  the  sinface  of  the  earth,  and  in  a  mass  of  fluid  at  rest 
there  is  a  particular  point,  called  the  centre  of  gravity,  at 
which  the  resultant  of  all  the  forces  exercised  by  the  atti-ac- 
tion  of  the  E;irth  on  the  particles  comiX)8ing  the  fluid  may  bo 
8upi)osed  to  act 

32.  The  term  density  is  applied  to  fluids,  as  it  is  to  .^olid 
bodies,  u>  denote  the  degree  of  closeness  with  which  the  parti 
cicH  are  packed. 
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When  we  speak  of  a  fluid  of  uniform  density,  we  mean  that 
if  from  any  pai't  of  tb.e  body  of  fluid  a  portion  be  t;iken.  and  if 
from  any  other  part  of  the  body  of  fluid  a  portion  like  in  fonn 
and  equal  in  volume  to  the  former  portion  be  taken,  the 
weights  of  the  two  portions  will  be  equal. 


33.  If  a  vessel  bo  filled  with  a  heavy  fluid  of  uniform  density 
the  pressure  at  every  point  in  the  interior  of  the  fluid  will  not  be 
the  same,  because  the  pressure  wliich  results  from  tlie  action 
of  gravity  will  vary  in  magnitude  according  to  the  position  of 
the  point  m  the  contai^jng  ^e^^sCi, 


Consider  a  closed  surface  of  small  dimensions  containing 
the  point  A^  and  suppose  the  fluid  outside  the  closed  surface 
to  become  solid.  Tlie  fluid  icithhi  the  dosed  surface  will 
exercise  pressure  against  the  surface  at  every  point,  and  these 
pressures  will  l>e  unequal,  because  the  fluid  is  acted  on  by 
gra^^ty.  But  we  may  conceive  that,  if  the  quantity  of  fluid 
withi))  the  surface  be  very  amall,  the  difterence  between  the 
pressures  at  difterent  points  of  the  surface  will  be  very  small. 
and  when  the  surface  is  indefinitely  diminished  the  pressures 
exercised  by  the  fluid  at  eacii  point  of  the  surface  may  be 
regarded  ai5  equal,  and  the  weigiit  of  the  fluid  may  be  ueglected. 

Thus  we  can  consider  it  as  the  case  of  a  weightless  fluid 
and  apply  the  conclusions  of  Art.  28. 

Hence  all  the  plaues  of  equal  area  which  can  be  drawn, 
passing  tlirough  the  ix)int  A  and  not  extending  beyond  ttie 
small  surface,  may  be  considered  to  be  subject  to  equ;d 
pressures. 
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So  we  conclude  that  in  a  heavy  fluid  of  uniform  density 

(1)  The  pressure  will  vary  ft*om  point  to  point 

(2)  Tlie  pressure  will  be  the  same  in  all  directions  at  any 
particular  point. 

34.  We  have  next  to  consider  in  what  way  the  pressure 
varies  from  point  to  point  in  the  interior  of  a  fluid  of  unifonn 
density  wlien  it  is  in  equilibrium,  and  first  we  shall  shew  that 
ilie  pressure  is  the  same  at  all  points  la  the  same  horizontal 
plane. 

Let  A  and  B  be  two  points  in  the  same  horizontal  plane  in 
the  interior  of  a  fluid  of  uniform  density. 


Tjnaf^ine  all  the  fluid  contained  in  a  small  horizontal  cylin- 
der, of  which  AB  is  the  axis,  to  become  solid. 
Then  the  forces  acting  on  the  cylinder  arc 

(1)  The  fluid  pres.sures  on  its  cun-ed  surface)  perpendicular 

(2)  The  weight  of  the  cylinder  J  to  the  axis. 

(:])  The  fiuid  pressure  on  the  end  A)  n  ,  .     . 

^        ,  ,  ,      >  panUlel  to  the  axis 

(4)  The  fluid  pressure  on  tne  end  B) 

Of  these  (1)  and  (2)  have  no  tendency  to  produce  motion  id 
the  direction  of  the  axis  (Art.  17). 

Therefore,  since  there  is  no  horizontal  motion, 

fluid  pressure  on  ciul  A  -fhud  pressure  on  end  B. 

And  since,  the  ends  being  very  small,  the  pressure  at  every 
point  in  each  end  may  be  regarded  as  tlie  same, 

prfs.surc  at  point  A  =  pressure  at  point  B. 
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S5.  The  pressure  at  any  point  icithin  a  heavy  melastie 
fluid,  not  exi^osed  to  external  pressure,  is  proportional  to 
the  depth  of  that  2'>oint  below  the  surface  of  the  fluid. 
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Let  P  and  Q  be  two  points  at  different  depths  below  tlie 
surface  of  the  fir. id. 

Suppose  two  small  equal  and  horizontal  circles  to  be 
described  round  P  and  Q  as  centres. 

Then  suppose  the  fluid  in  the  two  small  vertical  cylinders 
PA,  QB,  extending  from  the  bases  P  and  Q  to  the  surface,  to 
become  solid. 

Now  the  forces  acting  on  the  cylinder  PA  are 

(1)  Tlie  fluid  pressures  on  its  curved  surface,  all  of  which 
are  poii)endicular  to  the  axis. 

(2)  The  weight  of  the  cylinder  | 

/o\    m     a   •  1  11         _,>  parallel  to  the  axis. 

(3)  The  fluid  pressure  on  the  base  P  \  ^ 

Of  these  (1)  has  no  tendency  to  produce  motion  in  the 
direction  of  the  axis  (Art,  17). 

Hence  since  there  is  no  vertical  motion, 

fluid  pressure  on  biisc  P  =  weight  of  cylinder  PA. 
So  also,  fluid  pressure  on  base  (2  =  weight  of  cylinder  QB. 
Hence 
pressure  at  jxiint  P  :  pressure  at  point  Q 

::  pressure  on  base  P .  pressure  on  base  Q,  (Art.  24.) 
::  weight  of  cylhidor  PA  :  weight  of  cylinder  QB, 
::  length  of  PA  :  length  ofQB{\\\Q  bases  being  equal), 
::  depth  of  P  :  depth  of  Q. 

Cor.     If  pressure  at  P  =  pressure  at  Q 
depth  of  P- depth  oi  Q. 
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The  pressure  of  the  ;itinospliero  on  the  surf;ice  uf  the  fluid 
is  not  taken  into  account,  but  we  shall  shew  lit-reafter  how  it 
affects  the  pressure  at  a  point  in  the  interior  of  a  fluid. 

36.  The  surface  of  a  heacy  ineUmllc  jluid  at  rest  u 
horizontal; 
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Let  A  and  B  be  two  points  in  the  same  horizontal  plan 
in  the  interior  of  a  heavy  fluid  at  rest. 

Suppose  the  fluid  contained  in  a  small  horizontal  cylinder 
uf  fluid,  of  which  AB  is  the  axis,  to  become  solid. 

Then,  fluid  pressure  on  end  .-1=  fluid  pressure  on  end  ±> 
(Art.  34;,  and,  since  the  ends  are  equal, 

fluid  pressure  at  point  A  =  fluid  pressure  at  point  B 
Hence  A  and  B  are  at  the  same  depth  below  the  surface 
of  the  fluid  (Cor.  Art.  35),  and  if  we  draw  AC,  ^i>  vertically 
to  meet  the  surface  in  C,  Z>, 

AC=BD, 
also,  ^C  is  parallel  to  BD ; 

.-.  CD  is  parallel  lo  AB  (Eucl.  i.  33)  • 

. .  CD  is  horizontal. 

Similarly  any  other  point  in  the  surface  may  be  proved  to 
be  in  the  same  horizontal  plane  with  C  or  D; 

^  .'.  the  surface  is  horizontal. 

37.  The  proposition  thai  the  surface  of  a  fluid  at  rest 
is  horizontal  is  only  true  when  a  very  moderate  extent  of 
surface  is  taken. 

Lar^'e  surfaces  of  water  assutne,  in  consequence  oi  the 
attraction  exercised  by  the  earth,  a  spherical  form. 
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The  follo^ving  practical  results  are  worthy  of  notice : 

(1}  All  fluids  find  their  level.  If  tubes  of  various  shapes, 
6ome  large  and  some  small,  some  straight  and  others  bent,  be 
placed  in  a  closed  vessel  full  of  water,  and  water  be  theu 
poured  into  one  of  the  tubes,  the  fluid  will  rise  to  a  imiform 
height  in  it  and  all  the  other  tubes. 

(2)  11  pipes  be  laid  down  trom  a  reservoir  to  any 
distance,  the  flidd  will  mount  to  the  same  height  as  that  to 
which  it  is  raised  in  the  reservoir. 

(3)  The  surface  of  a  fluid  at  rest  fiu-uishes  a  means  o1 
observing  objects  at  a  distance  in  the  same  horizontal  plane 
with  a  mark  at  the  place  of  observation. 

33.  We  have  seen  that  in  an  inelastic  fluid  at  rest  the- 
pressure  at  any  point  depends  on  the  depth  of  that  point 
below  the  surface  of  the  fluid,  that  is,  on  tJ-e'  length  of  the 
vertical  line  drawn  freni  the  point  to  meet  a  horizontal  hnt 
drawn  through  the  highest  point  in  the  fluid. 

Thus  if  ABC  be  a  conical  vessel  with  a  horizontal  base, 
standing  on  a  tal:>le,  and  filled  with  fluid,  the  pressure  at  any 
point  P  is  determined  in  the  following  manner. 


From  /I,  the  highest  point  of  the  fluid,  draw  a  vertical  line 
meeting  the  horizontal  plane  passing  through  P  in  the  point  Q^ 

Then  the  pressure  at  /*  =  prcs.sure  at  Q,  because  P  and  Q, 
are  in  the  same  horizontal  plane. 

But  pressure  at  Q,  depends  on  the  length  of  .-iQ: 
therefore  pressure  at  P  depends  on  the  length  of  PR^  a  line 
di-awu  vertically  to  meet  the  horizontal  line  AR. 


ACTED  ON  BY  GRAVITY. 
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39.  Tf  a  vessel,  of  which  the  hot  lorn  is  hoHzontal  and 
Xhe  sides  vertical,  he  filled  with  fluid,  the  j^ressure  on  Liu> 
hottom  will  he  equal  to  the  weight  of  the  fluid. 


Fig.  I. 


Big.  II. 


Fig.  in. 


Let  ACDB  (fig.  I.)  be  a  vessel  whose  bottom,  CD,  is  hori- 
zontal, and  its  sides  vertical.  "We  may  consider  the  fluid  in 
this  vessel  to  be  made  up  of  vertical  columns  of  fluid.  Each  oi 
these  columns  will  pre-;s  vertically  do^vnwards  with  its  weight, 
and  tlie  sum  of  these  pressures  will  be  the  weight  of  the  fluid. 
Now  the  base  of  the  vessel,  being  horizontal,  will  sustain  all 
these  vertical  pressures; 

.'.  pressure  on  the  base  of  the  vessel  =  weight  of  the  fluid. 

If  the  sides  of  the  vessel  be  not  vertical,  as  in  figs.  II.  and 
III.,  the  pressure  on  the  base  will  be  equal  to  the  weight  of  a 
cr>lumn  of  fluid  ECDF,  EC  and  FD  being  perpendicular  to 
CD,  and  EF  being  the  surface  of  the  fluid. 

Hence  if  in  the  three  vessels  the  bases  are  equal  and 
on  the  same  horizontal  plane,  and  the  fluid  stands  at  the  same 
height  in  the  vessels,  the  pressure  on  the  base  hi  each  case 
will  be  the  same. 

Tlie  fluid  in  vessel  I.  produces  a  pressure  on  the  base  equal 
to  its  own  weight. 

The  fluid  in  vessel  II.  produces  a  pressure  ou  the  base  less 
than  its  own  weight. 

The  fluid  in  vessel  III.  produces  a  pressure  ou  the  baae 
greater  than  its  own  weight. 
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Examples. — II. 

(1)  If  the  pressure  at  a  depth  of  32  feet  be  15  lbs,  fx)  the 
square  inch,  what  will  the  pressure  be  at  a  depth  of  42  feet 
6  mches  ? 

(2)  If  the  pressure  at  a  depth  of  8  feet  be  14^^  lbs.  to  the 
square  iuch,  what  will  be  the  pressure  at  a  depth  of  20  ft.  6  iu.? 

(3)  In  two  uniform  fluids  the  pressures  are  the  same  at 
the  depths  of  3  and  4  inches  respectively  :  compare  the 
pressures  at  the  depths  of  7  and  8  inches  respectively, 

(4)  In  two  uniform  fluids  the  pressui-es  are  the  same  at  the 
depths  of  2  and  3  inches  respectively  :  compare  the  pressures 
at  the  depths  of  9  and  12  inches  respectively. 

(5)*  Find  the  height  of  a  column  standing  in  water  30  feet 
deep,  when  the  pressure  at  the  bottom  is  to  the  pressure  at 
the  top  as  3  to  2. 

(6)  If  the  pressure  of  a  unifi.rm  fluid,  not  exposed  to 
external  pressur.',  be  15  lbs.  to  the  square  inch  at  a  depth  of 
15  feet,  what  will  be  the  pressure  at  a  depth  of  12  feet  ? 

(7)  If  the  pressure  of  a  uniform  fluid,  not  exposed  to 
external  pressure,  be  3  lbs.  to  the  square  inch  at  a  depth  of 
4  feet,  what  will  be  the  pressure  on  a  square  inch  at  a  depth  of 
12  feet  ? 

(8)  What  is  the  pressure  on  tlie  horizontal  bottom  of  a 
vessel  filled  with  water  to  the  depth  of  2^  feet,  the  area  of  the 
base  being  20  square  feet,  and  the  weight  of  a  cubic  foot  of 
water  lOoi)  oz.  ? 

(9)  A  cubic  foot  of  mercury  weighs  13600  oz.  Find  the 
pressure  on  the  horizontal  base  of  a  vessel  containing  mercury, 
the  area  of  the  base  being  8  square  inches,  and  the  depth  of  the 
mercury  3  inches. 

(10)  What  is  the  pressure  on  the  horizontal  base  of  a  vessel 
filled  with  water  to  the  depth  of  15  feet,  the  area  of  the  base 
being  24  square  feet,  and  the  weight  of  a  cubic  foot  of  water 
iOOO  oz.  ? 

(11)  A  cistern  shaped  like  an  equilateral  triangle  of  which 
one  side  is  6  feet  is  filled  with  water  to  the  depth  of  two  feet  : 
find  the  pressure  on  the  base,  the  weight  of  a  cubic  foot  of 
water  being  1000  oz. 
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(12)  The  spout  of  a  teapot  springs  from  the  middle  point 
of  one  side,  and  its  upper  extremity  is  on  a  level  with  the  lid. 
If  the  spout  be  broken  off  half-wav,  huw  high  can  the  teapot  be 
fiUed  ? 

(13)  When  bottles  that  have  been  sunk  in  deep  water  have 
been  brought  up,  their  corks  have  been  found  driven  in.  How 
do  you  explain  this  \ 

(14)  If  a  pipe,  whose  height  above  the  bottom  of  a  vessel  is 
112  feet,  be  inserted  vertically  in  the  vessel,  and  the  whole  be 
filled  with  water,  find  the  pressure  in  tons  on  the  bottom  of 
the  ves-cl,  the  area  of  the  bottom  being  4  square  feet,  and  the 
weight  of  a  cubic  foot  of  water  1000  oz. 

(15)  A  hole,  a  square  inch  in  area,  is  bored  in  the  tlat 
cover  of  a  vessel  full  of  waier,  and  a  smooth  piston  weighing 
7  lbs.  13  oz.  is  fitted  into  it;  a  vertical  tube  is  tlieu  fitted  into 
another  hole  in  the  cover,  and  water  is  poured  into  it:  find 
how  high  the  water  must  be  made  to  ascend  in  it  in  order  that 
the  piston  may  be  driven  out,  a  cubic  foot  of  water  weighing 
IO(K)c>S. 
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CHAPTER  III. 
Oh  Specific  Gravity. 

40.  Some  sub.^tances  are  from  the  nature  of  tlieir  compo- 
sition more  weighty  than  others.  We  call  gold  a  heavier  metal 
than  lead,  because  we  know  by  experience  that  a  given  volume 
of  gold  is  more  weighty  than  an  equal  volume  of  lead. 

41.  We  make  a  distinction  between  the  terms  weight  and 
izeighiiness. 

We  SI  eak  of  the  weight  of  a  particular  lump  of  gold  or  iron. 

We  speak  of  the  weigh tiness  of  gold  or  iron,  not  referring 
to  any  particular  lump,  but  to  the  special  oliaracteristics  of  the 
metals  in  question. 

Further  we  say  that  gold  is  heavier  than  iron,  having  no 
particular  lump  of  the  metals  in  view,  but  expressing  our 
notions  of  the  degree  of  weightincss  tliat  is  peculiar  to  either 
substance. 

This  degree  of  weightiness  is  knov\-n  by  the  name  Specific 
Gravity. 

Def.  The  Specific  Gravity  of  a  substance  is  the  degree  oj 
weightiness  of  that  substance. 

42.  If  of  two  substances,  one  of  which  is  twice  as  weighty 
as  the  other,  we  tuke  two  lumps  of  equal  volume,  the  weight 
of  one  lump  is  evidently  twice  that  of  the  other :  and,  generally, 
if  one  substance  be  S  times  as  v.oighty  as  the  other,  the  weght 
of  any  volume  of  the  first  is  ,S'  times  the  weight  of  an  equal 
volume  of  the  other.  Now  by  a  substmce,  the  measure  of  the 
specific  !  rwity  of  which  is  S,  we  mean  a  substance  which  is  S 
times  as  weiglity  as  the  standard  by  which  specific  gravities  are 
estimated.  Therefore  any  volume  of  this  substance  will  weigh 
S  times  as  much  as  the  equal  volume  of  the  stuudai'd. 
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43.  The  requisites  for  a  Standard  are  that  it  should  be 
defiuite  and  uniform,  and  these  requisites  are  possessed  by 
Pure  Distilled  Water  at  a  certain  teraperatui-e.  This  substance 
is  tlierefore  taken  as  the  standard  for  estimatinjj  the  specific 
gravities  of  solid  bodies  and  inelastic  fluids. 

44.  When  we  say  that  the  specific  gravity  of  gold  is  19, 
we  mean  that  the  specific  gravity  of  gold  is  19  times  that  of 
Pure  Distilled  Water,  and  therefore  a  given  volume  of  gold 
weighs  19  times  as  much  as  the  same  volume  of  distilled  water. 

45.  To  measure  the  Weight  of  a  body  we  must  have  a  unit 
of  weight,  and  to  measure  the  Volume  of  a  body  we  must  have 
a  unit  of  volume.  These  units  we  may  select  in  any  way  that 
may  suit  our  purpose,  and  we  connect  them  with  the  unit  of 
specific  gravity  by  the  following  convention  : 

The  unit  of  specific  gravity  is  the  specific  gravity  of  that 
substance  of  which  a  unit  of  totume  contains  a  unit  of  iccight. 

46.  To  find  the  numerical  relation  existing  between  the 
measure  of  the  specific  gravity  of  a  substance  and  the  mea- 
sures of  the  weight  and  volume  of  any  given  quantity  of  the 
substance. 

Let  W  represent  the  measure  of  the  weight  of  a  substance, 
that  is  the  number  of  times  it  contains  the  unit  of  weight. 

Also,  let  V  represent  the  measure  of  the  volume  of  the 
substance,  that  is  the  number  of  times  it  contains  the  unit  of 
volume. 

And  let  S  represent  the  measure  of  the  specific  gravity  of 
the  substance,  that  is  the  number  of  times  it  contains  the  unit 
of  specific  gravity. 

Then  one  unit  of  volume  of  this  substance  will  weigh  »S 
times  as  much  as  a  unit  of  volume  of  the  standard  substance, 
'Art.  42)  that  is,  its  weight  is  .S' times  the  unit  of  weight. 

Therefore  the  weight  of  V  miits  of  volume  is  VS  times 
the  unit  of  weight; 

therefore  the  measure  of  the  weight  of  F  units  of  volume 
of  the  substance  is  VS; 

but  this  measure  we  have  denoted  by  JF; 

.-.     \Vr=    VS 
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Al.  The  equation  W=  VS  gives  us  merely  the  rehition 
between  three  numbers,  and  two  of  these  must  be  given  in 
order  that  -.ve  may  determine  the  third. 

When  we  have  found  it  we  know  the  measure  of  the  weight 
or  vohime  or  specific  gravity,  as  the  case  may  be,  and  we  nmst 
liave  the  unit  of  weight,  or  of  volume,  or  of  specific  gi-avity  also 
given  to  enable  us  to  determine  the  weight  or  volume  or 
specific  gravity  of  a  particular  substance.  So  that  we  may  pu< 
it  thus  : 

measure  of  weight  =  VS, 
measure  of  volume  =  --    , 

measure  of  specific  gravity  =  —  ; 

•Hid 

weight  =  FaS*  times  (imit  of  weight), 


JV 
volume  =  -^  times  (unit  of  volume)- 
o 


fc^pecific  gravity  =  ^  times  (unit  of  specific  gravity). 


48.  A  cubic  foot  of  pure  distilled  water  at  a  temperature 
of  62^  Fahrenheit  weighs  about  99S  oz.,  and  for  rough  calcula- 
tions it  is  assumed  that  the  weight  of  a  cubic  foot  of  water  is 
1000  ounces. 

Then  if  we  take  1  cubic  foot  as  our  unit  of  volume  and  pure 
distilled  water  as  our  standard  of  specific  gravity,  the  unit  of 
weight  will  be  1000  ounces. 

Or  if  we  prefer  to  take  1  lb.  avoirdupois  as  our  unit  of 
weight  and  pure  distilled  water  as  our  standai-d  of  specific 

1  fi 
gravity,  the  unit  of  volume  will  be  — --  of  a  cubic  foot,  that  is 

016  cub.  ft. 
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49.  We  shall  next  exjilain  how  quantities  are  measured  ; 
and  then  we  sliall  give  three  examples,  worked  out  first  on  the 
supposition  that  1  cubic  foot  is  taken  as  the  unit  of  volume,  and 
secondly,  on  the  supposition  that  1  lb.  avoirdupois  is  taken  as 
the  unit  of  weight,  so  that  the  student  may  see  that  the  same 
result  must  follow  from  both  suppositions,  and  that  snch  a 
choice  may  be  made  as  to  the  units  as  may  be  suitable  to  any 
particular  case. 

50.  To  measure  any  quantity  we  fix  upon  some  definite  quan- 
tity of  the  same  kind  for  our  standard,  or  unit,  and  then  any 
quantity  of  that  kind  is  measured  by  finding  how  many  times  it 
contains  this  unit,  and  this  number  of  times  is  called  the 
measure  of  the  quantity. 

For  example,  if  one  pound  avoirdupois  be  the  unit  of  weight, 
the  measure  of  16  lbs  is  16.  Or,  to  put  our  calculations  in  a 
tabular  form,  we  may  give  the  following  Examples  • 


Unit. 

Quantity. 

Measure. 

1  lb.  avoird. 

8  lbs. 

8. 

1  lb.  avoird. 

4  0Z. 

1 
4* 

I  lb.  avoird. 

1  lb.  troy. 

5760 
7000  • 

1  cub.  ft. 

61  cub.  ft. 

6-5. 

1  cub.  ft. 

3  cub.  in. 

3 

1728' 

1000  oz.  av. 

14  lbs.  av. 

14x  !G 
1000   • 

•GIG  cub.  ft. 

0  cub.  in. 

It^s^oTg  * 
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51.  First,  when  1  cubic  foot  is  taken  as  the  unit  of  volume, 
and  consequently  1000  oz.  as  the  unit  of  weight,  to  solve  the 
follomng  examples  : 

Ex.  (1)  The  specific  gravity  of  lead  is  11 4,  find  the 
weight  of  720  cubic  inches  of  lead. 

Here  r-^^,6'-ir4. 

"Weight  required  =  VS  (unit  of  weight) 


=  (  A.^  X  11  -4  )  times  lOUO  oz. 
\l/28  ' 


=  4750  oz. 

=  296  J  lbs. 

o 

Ex.    (2)    If  5  cubic  fe'ct  of  a  substance  weigh  240  lbs.,  what 
is  its  specific  gravity  \ 

„        ™     240x16     j^    ^ 
Here  ^V=     .    ^    ,  F=  5. 

1000      ' 

W 
Sp.  gr.  required  =  ^^  (unit  of  specific  gravity) 

240x16 

lUOO       ,       .^      e  -r  -^    X 

— -_ (umt  of  specific  gravity) 

240  X  16  ,     .^    .         .„  .,   V 

^  1000x5  ^^°^^  ^  specific  gravity) 

=  '76S  (unit  of  specific  gi-avity). 

Ex.    (3)     What  is  the  volume  of  a  substance  whose  specific 
gravity  is  9'6  and  whose  weight  is  4200  lbs.  ? 

,j        „,     4200x16     c,    ^^ 
Heref^  =  -^^^,^   -,.9=9-6. 

VoiuLue  required  =  — -  (unit  of  volume) 
o 

4200x16 

•      ^ 1000_  ^^^^  ^^ 

9-6 

=  7  cub.  ft. 
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52  Secmidlv,  when  1  lb.  avoirdupois  is  taken  as  the  unit 
of  Aveigiit,  and  consequently  -016  cub.  ft.  as  the  unit  of  volume, 
our  examples  will  stand  thus  : 


Ex.  (1) 


720 


>S'=ll-4. 


Here  ^"  172s  x -016 

Weight  required  =  VS  (unit  of  weight) 


\172S      -016  J 


:296  '  lbs. 


Ex.  (2) 

Here  ^=240,  F=:.^ 


Sp.  gr.  required  =   y  (unit  of  specific  gr:mty) 

=^"^^    (unit  of  specific  gravity} 
5 

•016 

^240j<j016  (^unit  of  specific  gravity 
5 

=  -768  (unit  of  specific  gravity). 

Ex.  (3) 

Hero  ^r=  4200,  ^S'=  9-6. 

IV 
Volume  required  =  -^  (unit  of  volunie) 

^^-•^'^imes-Oincub.  ^ 

.iH20-l«eub.ft. 
9'ti  X  1000 

^  7  cub.  ft. 
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53,  If  a  number  of  substances  be  put  together  to  form  a 
mixture,  we  shall  generally  have  the  following  relations  : 

(1)  sum  of  measures  of  weights  of  compounds  =  measure  of 
weight  of  mixture. 

(2)  sum  of  measures  of  volumes  of  compoimds  =  measure  of 
volume  of  mixture. 

Thus  if  «ri,  w.^.,  ^Cg, be  the  measures  of  the  weights, 

ri,  x^.   Ta, volumes, 

.<?!,   52,   ^3, specific  gra- 

nties  of  the  compounds,  and 

?r,  r,  s  the  measures  of  the  weight,  volume  and 
specific  gravity  of  the  mixture,  we  shall  have 
^i  +  2r2  4-?r3+  =W7, 

^'1+^2  +  ^*3+ =  ^"  J 

and  therefore 

-W-i       IC.       iC^  w 

^1  -'2  ^3  * 

Note.  We  say  that  these  relations  hold  generallij,  because 
in  some  cases,  when  substances  are  mixed,  the  volume  of  the 
mixture  is  not  equal  to  the  sum  of  the  volumes  of  the  two 
substances.  For  instance,  70  pints  of  sulphuric  acid  mixed 
with  30  pints  of  water  will  make  a  mixture  of  less  than  99  pints. 

54.  In  apphlng  these  formula;  to  the  solution  of  examples, 
we  may  take  any  unit  of  volume  or  of  weight,  adhering  to 
it  through  the  whole  calculation. 

Ex.  (1)  To  find  the  specific  gravity  (f  a  mixed  metal  com- 
posed of  5  cubic  inches  of  copper,  specific  gravity  9,  and  8  cubic 
inches  of  tin,  specific  gravity  7 "2, 

Since  r,  s-^ ->rv^s^  =  rs, 
if  wo  take  1  cubic  inch  as  the  unit  of  volume,  we  ha  e 

5x94-8x7-2  =  (5 +  8)  .9; 

45  +  57-6     ^,,^  , 

:.»=  — - .        -  /  -90  nearly 
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Ex.  (2)  Ten  pounds  of  fluid,  specific  gravity  1*05,  are 
mixed  with  15  pounds  of  distilled  water.  Find  tlie  specific 
gravity  of  the  mixture. 

Smce  -   +  —  =  -, 

Sy  S^  S 

if  we  take  1  lb.  as  the  unit  of  weight,  we  luive 

10       15_25 
r05  "^   1  ~  *  ' 

•••1-0?/^  =  ;^ 
5  _  54  5 
"  5~r05  ' 


105x5      lOo     ,  ^,^  , 

.'.  8=    ^  -     -  — ■=r019  nearly. 
51o         \Ky.\  ^ 


55.  The  Density  of  a  substance  is  the  degree  of  closeness 
cith  which  the  particles  composing  the  substance  are  packed 
"iigether. 

The  diflference  between  density  and  specific  gravity  may 
be  stated  thus  :  in  estimating  the  density  of  a  body  we  take 
into  account  the  quantity  of  matter  contained  in  a  given 
volume :  in  estimating  the  specific  gravity  of  a  body  we  take 
into  account  the  effect  of  the  action  of  gravity  on  a  given 
volume. 

If  we  take  the  same  substance,  as  pure  distilled  water, 
as  that  to  which  we  refer  as  a  standard  in  measuring  the 
density  and  specific  gravity  of  another  substance,  the 
measures  of  the  density  and  specific  gravity  will  be  the 
same. 


Examples.—  III. 

(1)  The  specific  gi'avity  of  copper  is  S'91 ;  find  the  weight 
of  512  cubic  inches  of  copper,  a  cubic  foot  of  water  weighing 
1000  oz, 

(2)  If  4  cubic  inches  of  iron  weigh  as  much  as  72  cubic 
inches  of  amber,  compare  the  specific  gravities  of  iron  and 
amber. 
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(3)  The  specific  gravity  of  mercury  being  13o,  find  the 
weight  of  one  cubic  inch  of  it,  having  given  that  a  cubic  foot  of 
water  weighs  1000  oz. 

(4)  If  two  cubic  feet  of  a  substance  weigh  100  lbs.,  what  is 
its  specific  gravity  ? 

(5)  Find  the  weight  of  36  cubic  inches  of  cork,  whose 
specific  gravity  is  0'24. 

(6)  A  cubic  foot  of  water  weighs  1000  oz.,  what  will  be 
the  weight  of  a  cubic  inch  of  a  substance  whose  specific  gravity 
is3? 

(7)  What  is  the  specific  gi'avity  of  a  body  of  which  m 
cubic  feet  weigh  n  lbs.  ? 

(8)  Five  cubic  inches  of  iron  weigh  22^  oz.,  what  is  the 
specific  gra^"ity  of  iron  ? 

(9)  Twelve  cubic  feet  of  dried  oak  weigh  875  lbs.,  what  is 
the  specific  gravity  of  the  wood  \ 

(10)  Twenty-six  cubic  feet  of  ash  weigh  137lMbs.,  what  is 
its  specific  gi'avity  ? 

(11)  A  metal,  whose  specific  gravity  is  15,  is  mixed  with 
half  the  volume  of  an  alloy  whose  specific  gravity  is  12,  find  the 
specific  gravity  of  the  compound. 

(12)  Two  metals  are  combined  into  a  lump  the  volume 
of  which  is  2  cubic  inches;  1.^.  cubic  inches  of  one  metal  weigh 
as  much  as  the  lump,  and  2^  cubic  inches  of  the  other  metal 
weigh  the  same.  What  volume  of  each  of  the  two  metals  is 
there  in  the  lump  ? 

(13)»  Two  substances  whose  specific  gravities  are  To  and 
3*0  are  mixed  together,  and  form  a  compound  whose  specific 
gravity  is  2o ;  compare  the  volumes  and  also  the  weights  oi 
the  two  substances. 

(14)  The  specific  gravity  of  sea- water  being  1027,  wlwt 
proportion  of  fresh  water  must  be  added  to  a  quantity  of 
sea-water  that  the  specific  o^ravity  of  the  compound  may  be 
1009? 
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(15),  Equal  weiglits  of  two  substances  whose  densities  are 
3-25  and  2-75  are  mixed  together;  find  the  density  of  tlie 
compound. 

(16)  Equal  volumes  of  two  substances  whose  specific 
gravities  are  25  and  To  are  mixed  together ;  what  is  the 
specific  gravity  of  the  comj)Ound  ? 

(17)  Five  cubic  inches  of  lead,  specific  gravity  ir35,  are 
mixed  v.iththe  same  volume  of  tin,  specific  gravity  73;  what  is 
the  specific  gravity  of  the  compound  ? 

(18)  A  mixture  is  formed  of  equal  volumes  of  three 
fluids ;  the  densities  of  two  are  given  and  also  the  density 
of  the  mixture.    What  is  the  density  of  the  third  fluid? 

(19)  Ten  cubic  inches  of  copper,  specific  gravity  8'9,  are 
mixed  with  seven  cubic  inches  of  tin,  specific  gravity  73 ;  find 
the  specific  gravity  of  the  compound. 

(20)%  Three  fluids,  whose  specific  gravities  are  7,  '8  and  9 
respectively,  are  mixed  in  the  proportion  of  5  lbs.,  6  lbs.,  and 
7  lbs.     What  is  the  specific  gravity  of  the  mixture  ? 

(21)  The  specific  gravity  of  pure  gold  is  19*3  and  of  copper 
862  ;  required  the  specific  gravity  of  standard  gold,  which  is  a 
mixture  of  eleven  parts  of  gold  and  one  of  copper. 

(.22)  When  6'i  pints  of  sulphuric  acid,  specific  gravity  rS2, 
are  mixed  with  24  pints  of  water,  the  mixture  contains  only 
86  pints.     What  is  its  specific  gravity  ' 

(23)  If  three  fluids  the  volumes  of  which  are  4,  5,  6  and 
the  specific  gravities  2,  3,  4  are  raixcd  together,  determine 
the  specific  gravity  of  the  compound. 

(24)«  The  specific  gravity  of  quartz  is  262,  and  that  of  gold 
19'35  ;  a  nugget  of  quartz  and  gold  weighs  Ho  oz.,  and  its 
specific  gravity  is  7*43 ;  find  the  weight  of  gold  in  it. 

(25)^  An  iron  spo^  n  is  gilded,  and  the  mean  specific  gravity 
of  the  gilded  spoon  is  8;  those  of  iron  and  gold  are  78  and 
19'4  :  find  the  ratio  of  the  volumes  and  weights  of  the  metals 
employed. 


CHAPTER  IV. 


On  the  Conditions  of  Eqiiilibriiini  of  Bodies  under  the 
Action  of  Fluids. 

b^.  Whex  a  body  is  wholly  or  partially  immersed  in  a  fluid, 
it  is  a  general  principle  of  Hydrostatics  that  the  resultant 
p'ressure  of  the  find  on  the  surface  of  the  hodij  is  equrd  to  the 
weight  of  the  fluid  displaced.  This  principle  we  shall  prove 
for  two  cases  in  Articles  57  and  61. 

(1)  When  the  body  is  icholly  immersed  in  the  fluid  : 

(2)  When  the  body  is  partially  immersed  in  the  fluid. 

57.  To  find  the  resultant  Pressure  of  a  Fluid  on  a  body 
wholly  immersed  andfluating  in  a  fluid. 


Let  A  be  a  body  floating  in  a  fluid  and  wholly  immersed 
in  it. 
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Imagine  the  body  removed  and  the  vacant  space  filled  with 
fluid  of  the  samq  kind  as  that  in  wliich  the  body  floated 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  of  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  the  sm*face  of  A 

The  solidified  fluid  is  kept  at  rest  by 

(1)  The  attractions  exercised  by  the  earth  on  every  par- 
ticle of  its  mass : 

(2)  The  pressures  exercised  by  the  fluid  at  the  different 
jwints  of  its  surface. 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
equal  in  magnitude  and  opiousite  in  their  lines  of  action. 

Now  the  resultant  of  set  (1)  is  called  the  weight  of  the 
solidified  fluid  and  nets  vertical.y  downwards  through  its  centre 
of  gravity. 

Hence  the  resultant  of  set  (2)  is  equal  in  magnitude  to  the 
weight  of  the  solidified  fluid  and  acts  vertically  upwards 
through  its  centre  of  gravity. 

Now  since  the  pressures  on  the  solidified  fluid  are  the  same 
as  on  the  body  ^1,  we  see  that  the  resultant  pressure  of  the 
fliud  on  A  is  equal  to  the  weight  of  the  fluid  displaced  by  A 
and  acts  vertically  upwards  through  the  centre  of  gravity  of 
this  displaced  fluid. 

This  principle  we  shall  now  apply  to  the  following  Ex- 
amples in  Statics. 


58.    Ex.  I .     Find  the  conditions  of  equilibrium  of  a  hody 
boating  in  afiuid  and  wholly  immersed  in  it. 

The  body  A  (see  diagram  in  Art.  57)  is  kept  at  rest  by 
(1)     Its  weight,  acting  vertically  downwards  through  its 
centre  of  gmvity: 

(2j  The  pressures  of  the  fluid  on  its  surtace,  the  resultant 
of  which  is  equal  to  the  weight  of  the  fluid  displaced  by  A  and 
acts  vertically  upwards  through  the  centre  of  gravity  of  the 
fluid  displaced. 
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Hence 

(1)  Weight  of  J  -  weight  of  fluid  displaced  by  A  : 

(2)  The  centres  of  gTavity  of  A  and  of  the  fluid  displaced 
are  in  the  same  vertical  line. 

These  are  the  conditions  of  equilibrium. 

Note.  A  difticulty  often  occurs  with  beginners  in  conceiving 
how  a  solid  body  can  be  in  equilibrium  in  the  midst  of  a 
fluid,  neither  rising  to  the  surface  nor  sinking  to  the  bottom. 
It  may  however  be  proved  by  experiment  tliat  a  hollow  ball 
of  copper,  such  as  is  used  for  a  ball-tap,  may  be  constructed 
of  such  a  weight  relatively  to  its  size  that  when  placed  in  water 
it  will  remain  where  it  is  placed,  just  as  the  body  A  is  re- 
presented in  the  diagram. 

59.  Ex.  II.  Find  the  conditions  of  equilibrium  for  a 
body  of  uniform  density  wholly  immersed  in  a  fluid  and  in 
part  suppoii^d  by  a  string. 


Let  a  body  the  measure  of  whose  volume  is  V  be  suspended 
by  a  string  from  the  fixed  point  A  so  as  to  flout  below  the  sur- 
face of  a  fluid. 

The  body  is  kept  at  rest  by 

(1)  its  weight, 

(2)  the  pressure*  of  the  fluid  on  its  surface, 

(3)  the  tension  of  the  string. 
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Irto^v  (1)  is  equivalent  to  a  single  resultant  acting  vertically 
doicnicards  through  the  centre  of  gravity  of  tho 
body , 

(2)  is  equivalent  (by  Art.  57)  to  a  single  resultant 
equal  to  the  weight  of  fluid  displaced  and  acting 
vertically  upwards  tlirough  the  centre  of  gravity 
of  the  fluid  displaced  : 
(and  these  two  centres  of  gravity  coinciding) 
therefore  (3)  must  act  (see  Statics,  Art.  52)  iqncards  in  the  ver- 
tical line  through  this  common  centre  of  gravitjj 
and  (1)  must  be  equal  to  the  sum  of  (2)  and  (3). 

Hence,  if 

*S'  be  the  measure  of  the  specific  gravity  of  the  body, 

/S"  ofthe  fluid, 

T  of  the  tension  of  the  string, 

there  is  equilibrium  when 

VS=VS'-^T 

or        T^  V{S-S). 


Ex.  A  piece  of  metal,  whose  specific  gravity  is  7"3  ano 
volume  24  cubic  inches,  is  suspended  by  a  string  so  as  to  l36 
wholly  immersed  in  water.     Find  the  tension  of  the  string. 

Taking  1  cubic  inch  as  the  unitof  volume,  and  consequeut'! 

1000  ^1         •.    f      .  1 . 

--      oz.  as  the  unit  of  weight, 
1  «28 

tension  of  string  =  24  (7'3  -  1)  x  oz. 

1  /28 


24x63  X  iui»0 

n2s — »»• 

-875  OZ. 

0.H. 
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60.  Ex.  (3)  If  a  body  of  unif^''-\  \  density  be  immersed 
in  a  fluid  and  he  prevented  from  rising  hy  a  string  attached 
to  the  'bottr'in  of  the  vessel  containing  the  fluid,  find  the 
tension  of  th-e  string. 


Let  a  body,  the  measure  of  whose  volume  is  V,  be  kejst 
under  the  surface  of  a  fluid  by  a  strhig  fastened  to  Ay  a  pomt 
in  the  base  of  the  vessel. 

The  body  is  kept  at  rest  by 

(1)  its  \teiglit,  acting  vertically  downwards, 

(2)  the  tension  of  the  string,  acting  vertically  dpwi}- 
wards, 

(3)  the  resultant  of  fluid  pressures  on  the  body,  actin^? 
vertically  upwards. 

Hence,  if 
T  be  the  measure  of  the  tension  of  the  string, 

S specific  gravity  of  the  body, 

aS* '. specific  gravity  of  the  fluid, 

since  there  is  equilibrium, 

FS-t  r=  VS'; 

.'.  7'=  ys'-  vs 
=  V{S'-S). 
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61.     To  find  the  resultant  pressure  of  a  fluid  on  (s,  lody 
partially  immersed  and  floating  in  the  fluid. 


Let  ABCD  be  a  body  partially  immersed  and  floating  it» 
a  fluid,  the  i)art  BCD  being  below  the  surface  of  thvi  ti  Jd. 

Imagine  the  body  removed  and  the  vacant  space  BCD 
filled  with  fluid  of  the  same  kind  as  that  in  wliich  che  body 
floated. 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  ')f  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  BCD. 

The  solidified  fluid  is  kept  at  rest  by 

(1)  the  attractions  exercised  by  the  Earth  on  every 
particle  of  its  mass, 

(2)  the  pressures  exercised  by  the  fluid  at  the  different 
points  of  its  surface'^- 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
cqu(d  in  magnitude  and  opposite  in  their  lines  of  action. 

*  Tliroiigliout  tills  cliaptcr  the  space  occupivnl  by  the  aii-  is  supposed  to  be  a 
vacuum. 
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Xow  the  resultant  of  set  (1)  is  called  the  weight  of  the 
solidified  fluid,  and  acts  vertically  doicnicards  thi'ough  its 
centre  of  gravity. 

Hence  the  resultant  of  set  (2)  is  equal  in  magnitude  to  the 
wei£ht  of  the  solidified  fluid,  and  acts  vertically  iqyicards 
through  its  centre  of  gravity. 

Now  since  the  pressm-es  on  the  solidified  fluid  are  the  same 
as  on  the  surface  BCD,  we  see  that  the  resultant  pressure  of 
the  fluid  on  the  floating  body  is  equal  to  the  weight  of  the  fluid 
displaced,  and  acts  vertically  upwards  through  the  centre  of 
gravity  of  the  displaced  fluid. 

This  principle  we  shall  now  apply  to  the  following  examples 
in  Statics. 


62.  Ex.  I.  Find  the  conditions  of  equilihrium  of  a  body 
floating  and  partially  immersed  in  a  fluid  of  uniform 
density. 

The  body  ABCD  (see  diagram  in  Art.  63)  is  kept  at  rest  by 

(1)  its  weight  acting  vertically  downwards  through  its 
centre  of  gravity, 

(2)  the  pressures  of  the  fluid  on  the  surface  BCD,  the 
resultant  of  which  is  equal  to  the  weight  of  fluid  displaced  bj 
the  body,  and  acts  vertically  upwards  through  the  centre  oi 
gravity  of  the  fluid  displaced. 

Hence 

(1)  weight  of  the  body  =  weight  of  fluid  displaced ; 

(2)  the  centres  of  gravity  of  the  body  and  of  the  fluid 
ciisplaced  are  in  the  same  vertical  line. 

These  are  the  conditions  of  equilibrium. 
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63.  Ex.  11.  When  a  hody  of  uniform  density  floats  in 
a  fluid,  the  volume  of  the  part  immersed  is  to  the  volume  of  the 
whole  body  as  the  specific  gravity  of  tlie  body  is  to  the  specific 
■iravily  of  the  fluid. 


Let  rbc  the  measure  of  the  volume  of  the  whole  body  ABCD, 

V part  immersed  BCD. 

S specific  gravity  of  the  body, 

*S'' specific  gi-avity  of  the  fluid. 

Then  since,  Art.  62, 

weight  of  floating  body  =  weight  of  displaced  fluid, 

V.S^V'.S'-, 

:.  P  :    V  ::  S  :  S\ 

Ex.  A  sohd,  whose  specific  gravity  is  '4,  floats  in  a  fluid 
whose  specific  gravity  is  r2.  What  part  of  the  solid  is  below 
the  surface  ? 

Let  X  be  tlie  measure  of  the  part  immersed, 
m  the  measure  of  the  wliole  body. 
Then  x  :  m^A  :  12  ; 

•4  4  1 
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64.     The  Hydrostatic  Balance. 

The  Hydrostatic  Balance  is  a  couimon  balance  witli  a 
hook  attached  to  the  bottom  of  one  of  the  scales  fi'om  which 
a  solid  may  be  suspended  and  weighed  successively  (1)  in  air 
and  (2)  when  immersed  in  a  fluid. 


Call  the  scale  to  which  the  hook  is  attached  A  and  the 
other  scale  B.  Then  by  tlie  weig-lit  of  the  solid  in  air  we  mean 
the  weight  which  when  placed  in  B  balances  the  sohd  suspend- 
ed in  air  from  A. 

And  by  the  weight  of  the  solid  in  the  fluid  we  mean  the 
weight  which  when  placed  in  B  balances  tlie  solid  suspended 
from  A  so  as  to  be  inunersed  in  the  fluid. 

The  diflference  between  these  weights  is  caused  by  the 
pressures  of  the  fliud  on  the  surface  of  the  solid,  the  resultant 
of  these  pressures  being  a  force  acting  vertically  upwards  and 
equivalent  to  the  weight  of  the  fluid  displaced  by  the  solid. 
Now  if  Fbe  the  measure  of  the  volume  of  the  soUd, 

/6" specific  gravity  of  the  fluid, 

measure  of  weiglit  of  fluid  displaced  by  the  solid  -=  FS'. 

65.  To  compare  the  specific  gy^avities  of  a  solid  and  a 
fluid  hy  'means  of  tlie  Hydrostatic  Balance. 

Let  Fbe  the  measure  of  the  volume  of  the  solid, 

'S' ; specific  gravity  of  the  solid, 

S' specific  gravity  of  the  fluid, 

W wcidit  of  the  solid  in  air. 
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Case  I.     When  the  solid  is  of  greater  specific  gravity  than 
the  fluid. 

Let  W  be  the  measure  of  the  weight  of  the  solid  in  the  fluiil, 
then  W—  JF'  =  themeasureoft]ie  weight  of  fluid  displaced 
by  the  soliil, 

=  VS'. 

Ako  W=  VS ;  ' 

VS  IV 


or, 


•  VS'      W-  W" 

s        w 


S'  -  W-  W" 
and  thus  -5"  and  .S"  may  be  compared. 

Case  II.     When  the  solid  is  of  less  specific  gravity  than 
the  fluid. 

Attach  to  tlie  solid  some  heavy  substance,  called  the  sinker, 
which  will  make  the  solid  sink  with  it  in  the  fluid. 

Let  w  be  the  measure  of  the  weight  of  the  two  bodies  in  air, 

X  in  the  fluid, 

y  sinker  in  air, 

z  in  the  fluid 

Then 
?r—;r= measure  of  weight  of  fluid  displaced  by  the  two  bodies, 
y  —  z=  the  sinker. 

Subtracting, 
?c  — ^— 2/  +  ^  =  measureof  weight  of  fluid  displacedby  the  solid 

=  VS'; 

also  W=  VS; 

w  —  x  —  y  +  z      S^ 

•*•         W       "^' 

and  thus  S  and  S'  may  bo  compared. 
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%^.     The  common  Hydrometer. 

The  common  Hydrometer  consists  of  a  straight  stem  AB 
terminating  in  two  hollow  spheres  C  and  D.  D  is  usually 
loaded  with  mercury,  so  that  the  instrument  may  float  in  a 
fluid  with  the  stem  yertical. 


The  instrument  is  used  in  comparing  the  specific  gravities 
of  two  fluids.  The  stem  is  marked  with  graduations  by  means 
of  which  it  can  be  seen  what  part  of  the  instrument  is  below 
the  surface  of  the  fluid  in  which  it  floats. 

When  the  instrument  is  placed  in  a  fluid  the  measure  of 
whose  specific  gravity  is  S,  suppose  that  the  measure  of  the 
bulk  of  the  part  immersed  is  V. 

When  tiic  instrument  is  placed  in  a  fluid  the  measure  of 
whose  specific  gravity  is  aS",  suppose  that  the  measure  of  the 
bulk  of  the  part  immersed  is  V'. 

Ihen  weight  of  hydrometer  =  weight  of  first  fluid  displaced 
-V.8  times  the  unit  of  weight ; 
and  weight  of  hydrometer  —  weight  of  second  fluid  displaced 
=  v.  S'  times  the  unit  of  weight : 
.-.  F.  S=  v.  S'  ; 
.-.  ,S  :  S'  ::    V  :    /'; 
and   thus  S  and  S'  may  be  compared,  since  V  and  F'  are 
known  from  the  graduations. 
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67.     NidioUorCs  Hydrometer. 


\ 


V 


This  instrument  consists  of  a  hollow  cylinder  of  copper  A^ 
from  which  a  slender  steel  wire  rises,  supporting  a  dish  C. 
An  iron  stirrup  fixed  to  the  lower  end  of  A  supports  a  heavy 
dish  D.  A  fine  well-defined  mark  is  placed  at  some  point  B 
on  the  steel  wire. 

This  insti-ument  is  used  for  two  purposes  : — 

(1)  To  compare  the  specific  gravities  of  a  solid  and  a 
fluid. 

Let  W  be  the  measure  of  the  weight  which  placed  in  C 
causes  the  hydrometer  to  sink  in  the  fluid  till  the  surface  of 
the  fluid  meets  the  steel  wire  in  B. 

Place  the  solid  in  C  and  let  X  be  the  measure  of  the  weight 
added  to  make  the  instrument  sink  to  B. 

Place  the  solid  in  D  and  let  Y  be  the  measure  of  the  weight 
placed  in  C  to  make  the  instrument  sink  to  B. 

Then  measure  of  weight  of  solid  in  air  =  W-  X^ 

in  the  fluid=  W~  Y, 

.*.  measure  of  weight  of  fluid  displaced  by  solid 

=  {W-X)-{W-  Y 

.  S.G.  of  solid  ^  W-X 
•*•  S.  G.  of  fluid       Y-X' 
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(2)  To  compare  the  specific  gravities  of  two  fluids. 

Let  W  be  the  measure  of  the  weig-iit  of  the  hydrometer, 
X  and  y  the  measures  of  weight  to  be  placed  in  G  to  malvo  the 
instruivieiit  sink  to  B  in  each  fluid. 

The  measure  of  weight  of  first  fluid  displaced  =  JV+x, 

second =  W+y, 

and,  since  the  volume  is  the  same  in  both  cases, 

S.  Ct.  of  first  fluid        W+x 
S.  G.  of  second  fluid  ""  JV+  y ' 

68.  To  compare  the  specific  gravities  of  two  Jfuids  by 
tccighiiig  the  same  solid  in  each. 

Let  S  and  ^S"  be  the  measures  of  specific  gravities  of  the 
fluids, 

w  and  ^o'  the  measures  of  weights  of  tlie  solid  when 
immersed  in  the  respective  fluids, 

W  the  measure  of  weight  of  the  solid  in  air. 

Then  JF-?<;  =  measure  of  weight  of  fluid  displaced  by 
solid  in  one  case, 

fF-?c'  =  measure  of  weight  of  fluid  displaced  by  solid 
lu  the  other  case  ; 

•''  S'~  IF-io" 
and  thus  S  and  S'  may  be  compared. 


Examples.— IV. 

(1)  A  piece  of  glass  when  weighed  in  water  loses  ^(jths 
of  its  weight;  what  is  its  specific  gravity? 

(2)  Find  the  pressure  on  28  miles  of  a  submarine  tele- 
graphic cable  whose  circumference  is  3  inches,  the  depth  of  the 
cable  below  the  surface  of  the  sea  being  480  feet,  and  the 
specific  gravity  of  sea  water  1*026. 

(3)  A  body  whose  specific  gravity  is  3"3  floats  on  a  fluid 
whose  specific  gravity  is  44 ;  what  portion  of  the  body  will  be 
immersed  ? 

(4)  If  the  specific  gravity  of  standard  gold  be  19-4,  and  the 
weight  of  a  sovereign  in  air  be  5  dwts.  2^  grs.,  find  its  weight 
in  water. 
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(5)  If  a  substance  weigh  8  lbs.  in  air  and  6  lbs.  in  water, 
what  is  its  specific  gravity  ] 

(6)  A  cylindrical  tub  of  given  weight  floats  with  one-fourth 
of  its  axis  below  the  sui'face  of  a  fluid :  find  the  least  weight 
which  will  totally  immense  the  tub. 

(7)  A  body  whose  specific  gi'avity  is  1"4  floats  in  a  fluid 
whose  specific  gravity  is  2-1;  what  portion  of  the  body  is  im- 
mersed ? 

(8)  A  leaden  bullet,  weighing  1  oz.,  is  placed  in  a  glass 
of  water  standing  on  a  table ;  find  the  pressure  of  the  bullet 
on  the  bottom  of  the  glass,  the  specific  gravity  of  lead  being 
11-4. 

(9)  A  cubic  inch  of  cork  floats  in  water  ^  find  the  weight 
■which  must  be  placed  upon  it  to  cause  the  half  of  it  to  be  im- 
mersed, the  specific  gravity  of  cork  being  '24,  and  the  weight 
of  a  cubic  foot  of  water  1000  oz. 

(10)  A  cork,  whose  weight  is  1  oz.  and  specific  gravity  -25, 
is  attached  by  a  string  to  the  bottom  of  a  vessel  containing 
water  so  that  the  cork  is  wholly  immersed.  What  is  the  ten- 
sion of  the  string  ? 

(11)  A  person  supports  a  ball  of  lead,  weighing  46  oz.  and 
of  specific  gravity  11*5,  wholly  immersed  in  water,  by  holding 
the  end  of  a  string  attached  to  the  ball.  What  is  the  teusiou 
of  the  string  ? 

(12)  A  vessel  containing  water  is  placed  in  one  scale  of  a 
balance  and  weighs  1  lb.  A  piece  of  wood  of  specific  gravity 
•24  and  volume  1  inch  is  attached  to  the  bottom  so  as  to  be 
immersed.     What  weight  will  now  balance  the  vessel  ? 

(13)  A  cube  hanging  by  a  string  is  half  immersed  in  water. 
If  the  weight  of  the  cube  be  a  pound,  and  its  specific  gravity 
three  tmies  that  of  water,  what  will  be  the  tension  of  the  string  ? 

(14)  A  certain  substance  weighs  30  oz.  in  water,  and  42  oz. 
out  of  water.     What  is  its  specific  gravity  ? 

(15)  A  substance  weighs  14  lbs.  in  water  and  2560  oz.  out 
of  water.     What  is  its  .specific  gravity  ? 
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(16)  A  substance  weighs  12  oz.  iu  air  :  a  substance  weigh- 
ing 20  oz.  in  water  is  attached  to  it,  and  the  two  together  weigh 
IS  oz.  in  water.  What  is  the  specific  gi'avity  of  the  former 
substance  ? 

(17)  A  piece  of  mahogany  weighs  in  air  375  grains,  a 
piece  of  brass  weighing  3S0  grains  in  water  is  attached  to  it, 
and  the  two  together  weigh  in  water  300  gi-ains.  TVhat  is  the 
specific  gravity  of  the  mahogany  ? 

(18)  A  piece  of  metal  weighs  113  grains  in  water  and  120 
grains  in  air.     "What  is  its  specific  gravity  ? 

(19)  A  piece  of  calcareous  spar  weighs  in  air  190  grains 
and  in  water  120  grains.     Find  its  specific  gravity. 

(20)  A  body  weighs  4  oz.  in  vacuo,  and  if  another  body 
which  weighs  3  oz.  in  water  be  attached  to  it  the  two  together 
weigh  in  water  2^  oz.  Find  the  specific  gi*avity  of  the  former 
body. 

(21)  A  piece  of  wood  weighs  12  lbs.,  and  when  attached  to 
22  lbs.  of  lead  and  immersed  in  water  the  two  together  weigh 
8  lbs.  If  the  specific  gravity  of  lead  be  1135  find,  the  specific 
gravity  of  the  wood. 

(22)  If  the  sinker  be  equal  in  magnitude  to  the  substance 
whose  specific  gravity  is  required,  but  double  its  weight  in 
vacuo,  and  if  the  two  together  weighed  in  water  would  balance 
the  sinker  in  vacuo,  what  is  the  specific  gravity  of  the  sub- 
stance ? 

(23)  The  specific  gravity  of  cork  is  '24,  and  the  weight  of 
a  cubic  foot  of  water  is  1000  oz.;  find  the  pressure  necessary  to 
held  do^vn  under  water  a  cubic  foot  of  cork. 

(24)  A  cylinder  floats  vertically  in  a  fluid  with  8.  feet  of 
its  length  above  the  fluid;  find  the  whole  length  of  the  cylinder, 
the  specific  gi'avity  of  the  fluid  being  three  times  that  of  the 
cylinder. 

(25)  A  cylinder  floats  with  1th  of  its  bulk  above  the  surface 
of  a  fluid  whose  specific  gi-avity  is  •825,  find  the  specific  gravity 
of  the  cylinder. 

(26)  Why  is  it  easier  to  swim  in  salt  water  than  in  fresh  \ 
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(27)  TVater  is  poured  into  a  vessel  containing  mercury, 
and  an  iron  cylinder  allowed  to  sink  through  the  water  floats 
.vith  its  axis  vertical  in  the  mercury.  If  the  cylinder  be  1  inch 
in  length,  find  the  length  of  the  portion  immersed  in  the  mer- 
cury. The  specific  gravity  of  iron  is  7*8,  and  that  of  mercury 
13-6. 

(28)  A  body,  whose  specific  gravity  is  'o,  floats  on  water ; 
if  the  weight  of  the  body  be  1000  oz.,  find  the  number  of  cubic 
inches  of  it  above  the  surface  of  the  fluid. 

(29)  A  body  containing  12  cubic  inches  weighs  in  air  8  lbs. ; 
detevmine  its  weight  in  water. 

(30)  If  a  cube  float  on  water  with  one  face  horizontal,  and 

a  body  weighing  — — -  oz.,  when  placed  upon  it,  make  it  sink 

through  an  inch,  find  the  size  of  the  cube  :  a  cubic  foot  of  water 
weighing  1000  oz. 

(31)  What  is  the  specific  gravity  of  a  substance,  if  a  hollow 
rectangular  box,  ten  inches  long,  eight  inches  wide,  six  inches 
deep,  and  a  quarter  of  an  inch  thick,  if  made  of  this  substance, 
will  just  float  in  water  ? 

(32).  A  lamina  in  the  form  of  an  equilateral  triangle  floats 
•  on  a  fluid  Avith  one  of  its  sides  horizontal  and  its  vertex  down- 
wards.    If  the  density  of  the  triangle  be  one-third  that  of  the 
fluid,  find  the  depth  of  its  vertex  below  the  surface. 

(33) .  A  triangular  lamina  of  uniform  thickne.-s  floats  in  a 
vertical  position  with  its  base  horizontal  and  its  sides  half  im- 
mersed ill  a  fluid  :  compare  the  specific  gravity  of  the  lamina 
with  that  of  the  fluid. 

(34)  A  symmetrical  body,  weighing  8  lbs.,  with  a  weight 
on  the  top  floats  just  immersed  in  a  fluid :  how  heavy  must  the 

V  eight  be,  in  order  that,  when  it  is  removed,  the  box  may  float 
with  only  oue-tliird  of  it  immersed  ] 

(35)  Find  the  specific  gravity  of  a  material  such  that  a 
cylinder  formed  of  it  four  inches  long  floats  in  water  with  three 
inches  immer.sed. 

(3G)  If  a  cubic  foot  of  water  weigh  lOOOoz.,  and  a  cube 
whose  edge  is  is  inches  weigh  22.30  oz.,  how  fur  will  a  cylinder 
whose  length  is  3  inches,  formed  of  the  same  material  as  the 
cube,  sink  in  water  ? 
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(37)  A  body,  whose  specific  gravity  is  2-7  and  weight  in 
vacuo  c;  lbs.,  when  immersed  in  a  flnid  weighs  2  lbs.;  find  the 
specific  gravity  of  the  fluid. 

(38)  The  specific  gi'avity  of  mercury  is  13 "5  and  that  of 
aluminium  is  2*6 ;  how  deep  will  a  cubic  inch  of  aluminium  sink 
in  a  vessel  of  mercury  ? 

(39)  If  a  body  floats  on  a  fluid  two-thirds  immersed,  and 
it  requires  a  pressure  equivalent  to  2  lbs.  just  to  immerse  it 
totally,  what  is  the  weight  of  the  body  % 

(40)  If  a  body  weighing  3  lbs.  floats  on  a  fluid  one-half 
immersed,  what  pressm-e  wiU  sink  it  completely  ] 

(41)  A  piece  of  cork  (s.  g.  =  "24)  containm^  2  cubic  feet  is 
kept  below  water  by  means  of  a  string  fastened  to  the  bottom 
of  a  vessel ;    find  the  tension  of  the  string. 

(42)  Two  bodies  whose  weights  are  ic^  and  w.^  in  ah',  weigh 
each  iL  in  water  ;  compare  theu'  specific  gravities. 

(43)  The  cavity  in  a  conical  rifle  bullet  is  usually  filled 
with  a  plug  of  some  light  wood.  If  the  bullet  bo  held  in  the 
hand  beneath  the  surface  of  the  v.ater,  and  the  plug  be  then 
removed,  will  the  apparent  weigiit  of  the  bullet  be  increased 
or  diminished  ? 

(44)  A  body,  whose  weight  in  air  is  6  lbs.,  weighs  3  lbs.  and 
4  lbs.  respectively  in  two  difterent  fluids ;  compare  the  specific 
gravities  of  the  fluids. 

(45)  A  body  whose  specific  gravity  is  7'7  and  weight  in 
vacuo  7  lbs  ,  when  immersed  in  a  fluid  weighs  6  lbs. ;  find  the 
specific  gravity  of  the  fluid. 

(46)  A  solid  sphere  floats  in  a  fluid  with  three-fourths  of 
its  bulk  above  the  .surlace  :  when  another  sj^liere  half  as  large 
again  is  attached  to  the  first  by  a  string,  the  tv.o  spheres  float 
at  rest  below  the  surface  of  the  fluid  ;  show  that  the  speciflc 
gi-avity  of  one  sphere  is  C  times  greater  than  *hat  of  thu 
other. 
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(47) «  A  piece  of  copper  (s.  g.  =  8S5)  weig'ns  887  grains  in 
water,  and  910  gi-ains  in  alcohol ;  find  the  specific  gravity  of 
the  alcohol. 

(48)  A  uniform  cylinder,  when  floating  vertically  in  water, 
sinks  a  depth  of  4  inches  ;  to  ^vhat  depth  will  it  sink  in  alcohol 
of  specific  gravity  079  ? 

(49)  (i  A  compound  of  silver  (s.  G.=:10-4)  and  aluminium 
(s.  G.  =  2"6)  floats  half  immersed  in  a  vessel  of  mercury  (s.  G.  = 
13'5).  What  weight  of  silver  is  there  in  10  lbs.  of  the  com- 
pound ? 

(50)  An  iron  rod  weighing  10  lbs.  is  supported  b/  means  of 
a  string,  one-half  of  the  rod  being  immersed  in  water.  What 
force  is  exerted  by  the  string,  the  specific  gravity  of  iron  being 
7-8? 

(51)  A  piece  of  silver  weighing  1  oz.  in  air  weighs  '905  oz. 
in  water,  what  is  its  specific  gravity  \ 

(52)  Two  bodies  weighing  in  air  1  and  2  lbs.  respectively 
are  attached  to  a  string  passing  over  a  smooth  pulley ;  the 
bodies  r^'st  in  equilibrium  when  they  are  completely  immersed 
in  water.  If  the  speciijc  gravity  of  the  first  body  be  twice  that 
of  watc;-,  find  the  specific  gravity  of  the  second. 

(53)  A  cylinder  9  inches  in  height,  specific  gravity^,  floats 
in  water  with  its  axis  vertical ;  find  the  height  of  the  surface  of 
the  cylinder  above  the  surlace  of  the  water. 

(54)  Shew  that  if  each  division  of  the  stem  of  the  common 

hydrometer  contains  — th  part  of  the  bulk  of  the  hydrometer, 

the  ratio  of  the  specific  gravities  of  two  fluids,  in  which  the 
hydrometer  floats  with  x  and  y  divisions  of  the  stem  out  of  the 
fluid  respectively,  is  equal  \x>  m-y  :  m  —  x. 

(55)  To  a  body  which  weighs  3  lbs.  in  air  a  piece  of  lead 
which  weighs  5|  lbs.  in  air  is  attached,  and  the  two  together 
weigh  l;}lbs.  in  a  fluid  whose  sx^ecific  gravity  is  4.  Find  the 
specific  gravity  of^the  body,  that  of  lead  being  11. 

(56) '  A  substance  weighs  10  oz.  in  water  and  15  oz.  in  alco- 
hol, the  spccitic  gravity  of  which  is  '7947  times  that  of  water : 
find  the  number  of  cubic  inches  in  tho  substance,  taking  the 
weight  of  a  cubic  foot  of  water  as  1000  oz. 
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r  (57)  A  block  of  ice,  the  volume  of  which  is  a  cubic  yard, 
is  observed  to  float  \A\\\  ^--ths  of  its  vohime  above  the  surface, 
and  a  small  piece  of  granite  is  seen  embedded  in  the  ice  ;  find 
the  size  of  the  stone,  the  specific  gravities  of  ice  and  granite 
being  respectively  'SIS  and  2-65. 

(58)  A  cubical  block  of  wood  weighs  12  lbs. ;  the  same 
bulk  of  water  weighs  320  oz. ;  what  part  of  the  wood  will  be 
below  the  surface  when  it  floats  in  water  ? 

(59)  A  board  3  inches  thick  sinks  2:|  inches  in  water :  what 
will  a  cubic  foot  of  the  same  wood  weigh,  if  a  cubic  foot  of 
water  weigh  1000  oz.  ? 

(60)  The  specific  gravity  of  beech-wood  is  -85.  "What  por- 
tion of  a  cubic  foot  of  that  wood  will  be  immersed  m  sea  water 
whose  specific  gravity  is  1"03  ? 

(61).  A  cubical  iceberg  is  100  feet  above  the  level  of  the 
sea,  its  sides  bemg  vertical.  Given  the  specific  gi-avity  of  sea 
water=  1*0263  and  of  ice  =  '9214,  find  the  dimensions  of  the 
iceberg. 

(62)  If  a  body  of  weight  W  float  with  three-quarters  of 
its  volume  immersed  in  fluid,  what  will  be  the  pressure  on  a 
hand  which  just  keeps  it  totally  immersed  ? 

(63) '  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  difierent  fluids  with  equal  portions  above  the  surfaces  ;  and 
the  weight  of  one  hydrometer  :  that  of  the  other  : :  m  \n\  com- 
pare the  specific  gravities  of  the  fluids. 

(64)  A  hydrometer,  loaded  with  40  grains,  sinks  4  inches 
lower  when  floating  in  a  fluid  whose  specific  gravity  is  '3  than 
in  water  ;  without  the  weight  it  rises  in  the  water  one-twelfth 
of  an  inch  higher  :  find  the  weight  of  the  hydrometer. 

(65)  If  the  volume  between  two  successive  graduations  on 
the  stem  of  a  hydrometer  be  yoW^^^  P^^  ^^  ^^^  whole  bulk,  and 
it  floats  in  distilled  water  with  20  divisions,  and  in  sea  wattr 
witli  46  divisions,  above  the  surface ;  find  the  specific  gravity 
of  sea  water. 

(66)-  A  piece  of  lead  is  found  to  weigh  13  lbs.  in  water,  and 
when  a  block  of  wood  weighing  6lbs.  is  attached  to  it  the  two 
together  weigh  S  lbs.  in  water.  Find  the  specific  gravity  of 
the  wood. 
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(67)  -What  is  the  weight  of  a  hydrometer  which  sinks  as 
deep  in  rectified  spirits,  specific  gravity  '^^^,  as  it  sinks  in  water 
when  loaded  with  67  grains  ? 

(68)  -  Tlie  weight  of  d  body  A  in  water  of  specific  gravity 
=  1  is  10  oz.,  of  anothe/  body  B  in  air  whose  specific  gravity 
=  *001S  is  15  oz.;  whUe  A  and  B  connected  together  weigh 
11  oz.  in  wavet-:  shew  tlDat  the  specific  gravity  of  B  is  10713. 

(69)  A  substance  xi^ighs  20  oz.  in  water  and  25  oz.  in  alco- 
hol, the  specific  gr'avity  of  which  is  "7947  times  that  of  water  ; 
find  the  number  oi  cubic  inches  in  the  substance,  taking  the 
weight  of  a  cubic  foot  <  i  water  as  1000  oz. 


CHAFl'ER  V. 


On  the  Properties  of  Air. 

69.  The  thin  and  transparent  fluid  which  suiTOunds  us  on 
all  sides,  and  which  we  call  the  Air  or  the  Atmosphere,  is  a 
material  body  which  possesses  weight  and  resists  compression. 
"VVe  can  prove  by  experiment  that  even  a  small  mass  of  air 
has  an  appreciable  weight,  by  exhausting  the  air  from  a  glass 
vessel  (by  a  process  which  we  shall  describe  in  the  next 
article).  We  then  find  that  the  vessel  weighs  less  than  it 
weighed  before  the  air  was  taken  out  of  it. 

That  the  air  resists  compression  is  evident  from  the  force 
required  to  drive  down  the  piston  of  a  syringe  when  the  open 
end  is  closed. 

Every  body  exposed  to  the  atmosphere  is  subject  to  a 
pressure  of  nearly  15  pounds  on  each  square  inch  of  its 
surface.  We  feel  no  inconvenience  from  this  great  pressure, 
because  the  solid  parts  of  our  bodies  are  furnished  witli  incom- 
pressible fluids,  capable  of  supporting  great  pressures,  while 
the  hollow  parts  are  filled  with  air  like  that  which  surroimda 
us.  Also,  since  the  atmosphere  acts  equally  on  all  i^arts  of  our 
bodies,  we  have  no  difficulty  in  moving. 
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70.     Haicksbee's  or  the  common  Air  Pump. 


AB  and  DE  are  two  pistons  with  valves  opening  upwards, 
which  are  worked  up  and  do\vn  two  cylindrical  barrels  by 
means  of  the  toothed  wlieel  IV  in  s;ich  a  way  that  one 
piston  descends  as  the  other  ascends.  The  baiTels  com- 
municate, by  means  of  valves  at  C  and  F  opening  upwards, 
with  a  pipe  leading  into  a  strong  glass  vessel  V  called  the 
receiver. 

Suppose  B  to  be  at  its  lowest  position  and  therefore  E  at 
its  highest  position.  Then  as  B  ascends  the  valve  at  B  closes, 
and  the  air  in  the  receiver  and  pipe  opens  C  and  expands 
itself  in  the  barrel.  As  soon  as  B  begins  to  ascend  E  begins 
to  descend,  the  vulve  at  E  opens,  the  valve  at  F  remains 
closed. 

The  air  which  before  occuxjied  the  receiver  and  pipe,  now 
occupies  the  receiver,  the  pipe,  and  one  of  the  barrels,  and  is 
therefore  rarefied. 

Now  let  the  wheel  be  turned  back  :  then  as  E  ascends  the 
valve  at  E  closes  and  F  is  opened,  and  meanwhile  B  is  opened 
as  it  descends,  and  6^  being  closed,  a  quantity  of  the  rarefied 
air  is  taken  from  the  receiver  and  pipe. 

This  process  may  be  continued  till  the  air  in  the  receiver 
ia  so  rarefied  that  it  c.innot  lift  the  valves  at  C  and  F,  and 
then  the  action  of  the  instrument  must  cease. 

4—2 
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71.    SmeatorCs  Air  Pump. 


L,  VJ 


D 


^(7  is  a  cylindrical  barrel  communicating  with  a  strong 
vessel  D  called  the  receiver.  At  A  and  C,  the  ends  of  the 
barrel,  are  valves  opening  upwards. 

A  piston  with  a  valve  B  opening  upwards  works  up  and 
dovru  the  barrel.  Suppose  the  piston  to  be  in  its  lowest 
position.  Then  as  the  piston  ascends,  the  pressure  of  the  air 
being  removed  from  the  upper  surface  of  the  valve  at  C,  the 
air  in  DC  opens  C  and  expands  into  the  barrel,  while  the 
valve  at  B  is  closed  by  the  pressure  of  the  atmosphere. 

Thus  a  quantity  of  air  is  drawn  away  from  the  receiver. 
As  soon  as  the  piston  begins  to  descend,  the  valve  at  A  is 
closed,  B  opens  and  C  is  closed,  and  no  external  air  comes 
into  the  barrel  or  receiver. 


"When  the  piston  again  ascends  the  air  in  the  barrel  v 
again  drawn  out. 
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The  only  limit  to  the  exhaustion  of  the  air  by  this  pnmp 
arises  from  the  difficulty  in  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  (7. 

Note.  The  advantage  of  Smeaton's  Air  Pump  is  that  since 
the  valve  at  A  closes  as  soon  as  the  piston  begins  to  descend 
it  relieves  B  from  the  pressure  of  the  atmosphere,  and  the 
valve  at  B  is  opened  by  a  very  slight  pressure  from  the  air 
beneath.  Hence  this  pump  is  capable  of  producing  a  gTeater 
degree  of  exhaustion  than  Hawksbee's. 

72.  To  find  the  density  ^of  the  air  in  the  receiver  of 
Smeaton's  Air  Pump  after  n  ascents  of  the  piston. 

Let  the  measures  of  the  capacities  of  the  receiver  and  the 
barrel  be  respectively  x  and  y. 

Then  the  air  which  occupied  the  space  whose  measure  is  x 
when  the  piston  was  at  C,  will  occupy  the  space  whose  measure 
\^x->ry  when  the  piston  comes  to  A^ 

density  after  one  ascent  _     x 
density  at  first  ~  x-\-y'' 

.'.  density  after  one  ascent  =    — .  (density  at  first). 


Similarly, 

density  after  second  ascent  = .  (densitv  after  one  ascent) 

x+y  ^  "  ' 


(  /   -  j .  ^density  at  first), 


and  so  on 


:,  density  after  nth  ascent  =  (  - —  J  .  (density  at  first). 

The  same  formula  is  applicable  to  Hawksbee's  Air  Pump, 
if  jr  represent  the  measure  of  the  capacity  of  the  receiver  and 
pipe,  and  y  the  measure  of  the  aipacity  of  each  of  tlio  barreis. 
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73.     The  Barometer. 


Ac, 


JBlJ 


-  0 


The  Barometer  is  an  instrument  for  measuring  the  pressure 
of  the  atmosphere. 

If  we  take  a  glass  tube  about  32  inclies  long,  open  at  A 
and  closed  at  B.  and  fill  it  with  mercury  :  if  we  then  close  the 
end  A,  invert  tlie  tube,  place  it  in  a  vessel  full  of  mercury, 
called  the  basin,  and  then  remove  the  stoppage  from  A,  the 
mercury  in  the  tube  will  sink  a  little,  leaving  a  vacuum  in  BC, 
and  resting  when  the  height  of  tlie  column  CZ>,  that  is,  the 
distance  of  the  surface  of  the  mercury  in  the  tube  from  the 
surface  of  the  mercury  in  the  basin,  is  from  28  to  31  inches. 

That  the  column  CD  is  supported  by  the  pressure  of  the 
atmosphere  may  be  shewn  by  placing  the  instrument  under 
the  receiver  of  an  air  pump.  Then  as  the  air  is  exhausted* 
the  mercuiT  will  sink  in  the  tube,  and  if  all  the  air  could  be 
pumped  out  the  mercury  would  sink  entirely  into  the  vessel. 
This  experiment  proves  that  the  pressure  of  the  air  on  the 
exposed  surface  of  the  mercury  in  the  basin  sustains  the  column 
of  mercury  in  the  tube. 
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74.  To  shew  that  the  pressure  of  the  atmosphere  is  ac- 
curately represented  by  the  weight  of  the  column  of  mercury 
in  the  Barometer. 


Take  in  the  surface  of  the  mercury  in  the  basin  an  area  M 
equal  lo  the  area  of  the  horizontal  section  of  the  tube  at  D. 

Then  area  M=  area  of  the  base  of  the  column  of  mercury 
in  the  tube,  and  since  these  areas  are  equal  and  in  the  same 
horizontal  plane,  the  pressures  on  them  are  equal. 

Now  pressure  downwards  on  3/  =  atmospheric  pressure  on 
area  M,  and  pressure  downwards  at  Z>  =  weight  of  column  of 
mercury  CD. 

Therefore  the  atmospheric  pressure  on  area  M  is  equal  to 
the  weight  of  the  colunni  of  mercury  CD. 

It  follows  then  that  the  atmospheric  pressure  on  any  area 
is  equal  to  the  weight  of  the  column  of  mercury  in  the 
barometer,  having  the  same  area  for  its  base. 

Consequently  the  weight  of  the  ct)lumn  of  mercury  in  the 
barometer  is  the  proper  representative  of  the  pressure  of  tha 
atmosphere  on  a  given  surface. 
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75.     Hence   it   follows  that  the   height  of   the  column 
of  mercury    in     the    barometer    is    pro- 
portional to  the  pressm-e  of   the    atmo- 
sphere. 


If  then  we  have  a  vertical  tube  of  uni- 
form bore  filled  up  to  the  level  D  with 
mercury,  if  D  be  exposed  to  the  atmo- 
spheric pressure  and  if  M  be  some  other 
level  in  the  tube,  and  if  h  be  the  height  of 
the  barometric  column, 


pressure  at  D  _    weight  of  a  column  of  mercury  of  height  h 
pressm-e  at  M  ~  weight  of  a  col.  oi  mercui'v  of  height  (A  +  D^T) ' 


h  +  DM' 


76.     To  find  the  Atmospheric  Pressure  on  a  Square  Inch. 

The  pressure  of  the  atmosphere  on  a  square  inch  is  deter- 
mined by  finding  the  weight  of  a  column  of  mercury  whose 
base  is  a  square  inch  and  whose  height  is  the  same  as  the 
height  of  the  column  of  mercury  in  the  barometer. 

Taking  the  specific  gravity  of  mercury  as  13  6,  the  weight 
of  a  cubic  foot  of  distilled  water  as  1000  oz.,  and  the  height  of 
the  barometric  column  at  the  level  of  the  sea  as  30  inches,  we 
have  pressure  of  atmosphere  on  a  square  inch 


=  Uo^ 


1  X  1  X  — -    X  13*6  J  ounc< 


30x1000x136 
1728x10 


=  14^^^  lbs. 
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77.  In  estimatini^  the  pressure  at  a  point  in  the  interior 
of  fluid  exposed  to  the  atmospheric  pressure,  we  must  add 
to  the  pressure  on  a  unit  of  area  containing  the  point  the 
atmospheric  pressure  on  a  unit  of  area. 

Suppose  for  instance  we  have  to  find  the  pressure  at  a 
depth  of  100  feet  in  a  lake,  (1)  neglecting  atmospheric  pressure, 
(2)  taking  the  atmospheric  pressure  into  accoimt. 

Take  a  scjuare  inch  as  the  unit  of  area  :  then 

(1)  Pressure  at  depth  of  100  feet  on  a  square  inch 

=  weight  of  a  column  of  water  100  feet  in 
height,  resting  on  a  base  of  a  square  inch 

=  weight  of  a  column  of  water  whose  cubic 
content  is  (100  x  12  x  1  x  1)  cubic  inches 

\1728  ) 

_  1200x1000  ,, 
.     -   1728x16    ^^^• 

=  43?|lbs. 
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(2)  Pressure  at  depth  of  100  feet  on  a  square  inch 

=  f  43  —  + 15  j  lbs.  nearly, 

29 
=  58  —  lbs.  nearly. 

78.  The  Atmosphere  is  most  dense  at  the  surface  of  the 
Earth,  and  its  density  diminishes  with  its  height.  Hence  as 
one  ascends  a  mountain  tlie  weight  of  the  incumbent  air  is 
diminished,  and  the  mercury  in  the  barometer  sinks.  Thus 
the  barometer  furnishes  a  means  of  ascertaining  approximately 
the  height  of  a  mountain. 

70.  A  Barometer  miglit  bo  formed  with  any  fluid,  but 
mercury  is  preferred  to  other  fluids  because  of  its  great 
density.  A  Water-barometer  must  have  a  tube  of  great 
length,  since  the  atmosphere  supports  a  column  of  water  m  oro 
than  i;j  times  as  high  as  the  column  of  mercury  supported  in 
the  mercurial  barometer. 
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80.  The  pressure  of  a  given  quantity  of  air,  at  a  given 
temperature,  varies  inversely  as  the  space  it  occupies. 

The  following  proof  by  experiment  establishes  the  truth  of 
this  law. 

ABC  is  a  bent  tube,  cylindrical,  uniform  and  vertical.  The 
branch  AB  is  much  longer  than  the  branch  BG.  The  ends 
are  open. 

Mercury  is  poured  drop  by  drop  into  the  end  A  till  the 
surface  of  the  mercury  in  the  two  branches  stands  at  the 
same  level  at  P  and  Q.      The  end  C  is  then  closed. 

Then  the  pressure  of  air  m  C^  =  the  atmospheric  pressure. 


4q 


Let  mercui-y  be  again  poured  in  at  A,  (the  effect  of  which 
is  to  compress  tlie  air  in  CQ,)  till  the  surface  of  the  mercury  in 
the  shorter  branch  stands  at  li,  halfway  between  C  and  Q. 

It  is  then  found  that  the  mercury  in  the  longer  branch 
will  stand  at  a  point  i),  such  that  the  length  of  the  column  of 
mercury  DM  {M  being  level  with  R)  is  exactly  equal  to  the 
height  of  the  barometer  at  the  time  of  making  the  experiment. 
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Now  pressure  at  M—  pressure  at  R. 

But  pressure  at  J/=  weight  of  colunm  of  mercury  DM 
+  pressure  of  atmosphere  at  i), 

=  atmospheric  pressure  +  atmospheric 
pressure  =  tmce  the  atmospheric 
pressure ; 

.•.  pressure  of  the  air  in  CR  —  twice  the  atmospheric  pressure. 

Hence  the  pressure  of  the  air  in  CR  is  twice  as  gi*eat  as 
was  the  pressure  of  the  air  in  CQ. 

That  is,  when  the  given  quantity  of  air  in  CQ  has  been 
compressed  into  Art// the  space,  the  pressure  of  the  compressed 
air  is  ticice  as  great  as  it  was  at  first. 


81.  The  proof  given  in  the  preceding  Article  may  be  put 
in  a  more  general  form,  R  being  nny  point  between  6'  and  Q, 
thus  :  — 

Let  mercury  be  again  poured  in  at  A  till  the  surface  of 
the  mercury  stands  at  D  and  R  in  the  branches,  and  let  M  be 
level  with  R. 

Then  it  is  found  that  if  the  spaces  CQ,  CR  successively 
occupied  by  the  air  be  measured,  and  if  h  be  the  height  of 
the  barometer  at  the  time  of  performing  the  experiment, 

space  CQ  ^  h  +  DM 
space  CR  h 

Now  it  is  clear  by  Art.  75, 

pressure  supporting  air  in  CQ  _       h 
pressure  supporting  air  in  CR  ~  h  +  DM* 

.   pressure  of  air  in  CQ  _  Cll 
pressure  of  air  in  CR  ~  CQ' 


6o 


ON  THE   PROPERTIES  OF  AIR. 


Cor.     Hence  we  can  shew  that  the  elastic  force  of  air 
varies  as  its  density. 

For  since  the  same   quantity  of  air  is  confined  in   CQ 
andCR 
density  of  air  in  CR  :  density  of  air  in  CQ 

::  CQ  :  CR 

::  pressm-e  of  air  in  CR  :  pressure  of  air 
mCQ. 

82.     The  Condenser. 


B 


^0  is  a  cylindrical  barrel  with  a  valve  at  the  bottom,  C, 
opening  downwards  into  a  vessel  B,  called  the  receiver.  A 
piston  with  a  valve  A^  opening  downwards,  works  in  tho 
barrel. 

Suppose  the  piston  to  be  at  the  top  of  the  barrel.  When 
the  piston  descends,  the  air  in  the  barrel  being  condensed 
closes  the  valve  at  A,  and  opens  the  valve  at  C.  Thus  the 
air  which  was  contained  in  the  barrel  is  forced  into  the 
receiver.  When  the  piston  is  raised  again,  the  denser  air  in 
B  keeps  the  valve  at  C  closed,  while  the  pressure  of  the 
atmosphere  opens  A,  and  the  barrel  is  refilled  with  at- 
mospheric air,  which  is  forced  into  the  receiver  at  tlie  next 
descent  of  the  piston. 

The  process  may  be  continued  till  the  required  quantity 
of  air  has  been  forced  into  B. 
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63.  To  find  the  density  of  the  air  after  a  descents  of  the 
)>iston. 

Let  X  and  y  be  the  measures  of  capacities  of  the  receiver 
and  barrel  respectively. 

Then  the  air  which  occupied  the  space  whose  measure  is 
x->fy,  when  the  piston  was  at  the  top  of  the  barrel,  will  occupy 
the  space  whose  measure  is  x  vrhen  the  piston  comes  to  the 
bottom  of  tlie  barrel  ; 

density  of  air  in  receiver  a^'ter  one  descent  _x  +  y 
density  of  air  at  first^  '  ~     x    ' 

X  -\-  y 
.'.  densityof  air  after  one  descent  =  — '  .  (density  of  air  at  first). 

X 

Similarly, 

density  after  second  descent  =  ' — — =^  .  (density  of  air  at  first) 

and  so  on ; 

X -^  nil 
'.  density  after  wth  descent  =     '     "^  .  (density  of  air  at  first). 


Examples. — Y. 

(1)  If  the  capacity  of  the  receiver  in  Smeaton's  Air  Pump 
be  ten  times  that  of  the  barrel,  what  will  be  the  exhaustion 
produced  by  six  strokes  of  the  piston  ? 

(2)  Find  the  pressure  of  the  air  in  the  receiver  of  an  Air  ' 
Pump  after  two  strokes  of  tlic  piston,  the  volume  of  the 
receiver  being  eight  times  that  of  the  barrel. 

(3)  Find  the  ratio  of  the  volume  of  the  receiver  to  that  of 
the  ban'cl  in  the  Air  Punij^  if  at  the  end  of  the  third  stroke 
the  density  of  the  air  in  the  receiver  :  the  original  density 
:;  729  :   1000. 
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(4)  Is  it  necessary  that  the  section  of  the  tube  through 
which  the  mercury  rises  in  the  barometer  should  be  the  same 
throughout  ? 

(5)  Assuming  that,  a  cubic  foot  of  water  weighs  1000  oz. 
and  a  cubic  inch  of  mercury  weighs  7|  oz.,  find  the  pressure 
on  a  square  inch  at  a  depth  of  90  feet  below  the  surface  of  the 
sea,  when  the  barometer  stands  at  30  inches. 

(6)"  If  the  area  of  a  section  of  the  basin  of  a  barometer  be 
10  times  that  of  a  section  of  the  tube,  and  the  mercury  fall  1^ 
inches  in  the  tube,  find  the  true  variation  in  the  height  of  the 
mercury,  and  draw  a  figm*e  representing  the  instrument. 

(7)  If  a  hole  were  made  in  the  tube  of  a  barometer,  what 
would  be  the  eflfect  ? 

(8)  If  the  weight  of  the  column  of  mercury  which  is  above 
the  exposed  surface  in  a  barometer  be  an  ounce,  and  the  area 

of  the  transverse  section  of  the  tube  — ^  of  a  square  inch,  what 

is  the  pressure  of  the  atmosphere  on  a  square  inch  ? 

(9)  When  the  mercurial  barometer  stands  at  30  inches, 
wliat  will  be  the  height  of  the  column  in  a  barometer  filled 
with  a  fluid  of  specific  gravity  3 '4,  the  specific  gravity  of  mer- 
curj'  being  13*6  ? 

(10)  If  a  piece  of  iron  float  in  the  mercury  contained  in 
the  tube  of  a  bjrometer,  ^\-ill  it  have  any  efi"ect  on  the  indica- 
tion of  the  instrument  ? 

(11)  If  a  body  were  floating  on  a  fluid,  with  which  the  air 
was  in  contact,  and  the  air  were  suddenly  removed,  would  the 
body  rise  or  sink  in  the  fluid  ? 

(12)  What  would  be  the  efl'cct  of  admitting  a  little  air 
into  the  upper  part  of  the  tube  of  the  Barometer  ? 

(13)  A  pipe  camcs  rain  water  from  the  top  of  a  house  to 
a  large  tank,  the  surplus  water  in  whicli  escapes  through  a 
valve  in  the  top  which  rises  freely.  A  weight  of  21  lbs  is 
placed  on  it,  and  it  is  found  tliat  the  water  rises  in  the  pipe 
to  the  height  of  20  feet  before  the  valve  opens.  Find  its  area, 
assuming  that  the  height  of  the  Water-Barometer  is  34  feet 
r.nd  the  atmospheric  pressure  15  lbs.  on  the  sq«are  inch. 
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(14)  ♦A  cylinder  filled  with  atmospheric  air,  and  closed  by 
an  air-tight  piston,  is  sunk  to  the  depth  of  500  fathoms  in  the 
sea;  required  the  compression  of  the  air,  assuming  the  specific 
gTavity  cf  sea- water  to  be  ro27,  the  specific  gravity  of  mercury 
1357,  and  the  height  of  tiie  barometer  ;->0  inches. 

(15)  A  barometer  is  sunk  to  the  depth  of  20  feet  in  a 
lake:  find  the  consequent  rise  in  the  mercurial  column,  the 
specific  gi'avitv  of  mercury  being  13  "5 7. 

(16)  If  a  body,  exposed  to  the  pressure  of  the  air,  float  in 
water,  prove  that  it  will  rise  very  slightly  out  of  the  water  as 
the  barometer  rises,  and  sink  a  little  deeper  as  the  barometer 
falls. 

(17)  *  Water  floats  on  mercury  to  the  depth  of  17  feet , 
compare  the  atmospheric  pressure  with  the  pressure  at  a  point 
15  inclics  below  the  surface  of  the  mercury,  taking  into  ac- 
count the  atmospheric  pressure  on  the  surface  of  the  water, 
having  given  that  the  heights  of  the  mercurial  and  water 
barometers  are  30  inches  and  S-i  feet  respectively. 

(18)  Explain  clearly  why  a  balloon  ascends. 

(19)  Explain  how  it  is  that  a  bladder  filled  with  air,  will, 
if  conveyed  deep  enough  in  the  sea,  sink  to  the  bottom. 

(20)  What  would  be  the  height  of  the  column  of  mercury 
(s.  G.  =  13"56)  corresponding  to  a  pressure  of  14  lbs.  2  oz.  on 
the  square  inch  / 

(21)  'A  cubical  vessel  full  of  air,  whose  Qi(k)i^Q  equals  (> 
inches,  is  closed  by  a  weightless  piston.  Find  the  number  of 
pounds  which  nmst  be  pLiced  on  the  piston  in  order  that  it 
may  rest  in  equiliUrium  at  a  distance  of  2  inches  from  the 
bottom  of  the  vessel :  tlie  pressure  of  the  atmosphere  being 
15  lbs.  on  a  square  inch. 

(22)  'The  lower  valve  of  a  pump  is  30  feet  4  inches  above 
the  surface  of  the  water  te  be  raised  :  find  the  height  of  the 
barometer  wlieu  t!ie  pump  ceases  to  work,  the  specific  gravity 
of  mercury  being  13*C. 
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(23)  It  is  found  that  the  cork  of  a  bottle  is  just  driven  out 
when  the  pressure  tf  the  air  within  is  double  that  without;  the 
bottle  is  then  filled  with  mercury  and  inverted,  and  it  is  again 
found  that  the  cork  is  just  driven  out.  Given  that  the 
barometer  "was  standing  at  30  inches  at  the  time,  find  the 
height  of  the  bottle. 


(24)'  Find  the  ratio  of  the  volume  of  the  receiver  to  that 
of  the  barrel  in  a  Condenser,  if  at  the  end  of  the  tliird  stroke 
the  density  of  the  air  in  the  receiver  :  its  original   density 


(25)  A  hollow  cylinder  closed  at  the  upper  end  and  open 
at  the  lower  is  depressed  from  the  atmosphere  into  water,  its 
axis  being  kept  vertical,  and  is  found  to  float  with  its  upper 
end  in  the  surface  of  the  water.  What  will  be  the  efi'ect  on 
the  cylinder  of  an  increase  of  atmospheric  pressure  ? 

(2G)  If  the  volume  of  the  cylinder  in  a  Condenser  be  one- 
fifth  the  volume  of  the  receiver,  find  the  pressure  at  any 
point  of  the  latter  after  20  strokes. 

(27)  The  pressure  at  the  bottom  of  a  well  is  double  that 
at  the  depth  of  a  foot ;  what  is  the  depth  of  the  Aveil  if  the 
pressure  of  the  atmosphere  be  equivalent  to  30  feet  of  water  ? 

(28)  A  cubic  foot  of  water  weighs  luOOoz. ;  what  will  be 
the  pressure  on  each  square  inch  of  the  base  of  a  cube  whose 
edges  are  10  inches,  when  filled  with  water  ? 

(29)  A  cubic  foot  of  water  weighs  1000  ounces,  and  the 
pressure  of  the  air  on  a  square  inch  is  236  ounces;  find  the 
pressure  on  16  square  inches  at  a  depth  of  9  feet  below  the 
surface  of  a  pond. 

(30)*  If  ^,  B,  C,  be  three  points  in  a  uniform  fluid  at  rcbt, 
the  three  points  being  in  the  same  vertical  line,  and  the  dif- 
ference of  the  pressures  at  A  and  B :  diS'erence  of  the  pres- 
sures at  A  and  C  as  2'>  '■  Q,  fl"tl  the  ratio  of  AB  to  BC. 

(31)     Explain  the  princijiie  of  the  Air-g-m. 
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*  (32)»  If  the  area  of  the  basin  of  a  barometer  be  17  times 
that  of  a  section  of  the  tube,  how  oug-])t  tlie  si  cm  to  be  gradu- 
ated in  order  that  the  reading  may  give  the  true  height  of  the 
barometer  ? 

(33)  If  the  specific  gravity  of  mercury  be  13'57,  and  the 
weight  of  a  cubic  inch  of  water  252-6  grains,  find  the  pressure 
of  the  air  on  a  square  inch  in  lbs.,  when  the  mercury  in  the 
barometer  stands  at  30'5  inches. 

-  (34)  .  If  the  tube  of  a  barometenbe  36  inches  long,  and,  on 
account  of  air  being  in  the  upper  part,  the  instrument  stands 
at  27  inches,  when  a  coiTCct  instrument  stands  at  30  inches, 
what  length  of  tube  would  the  air  fill  when  reduced  to  atmo- 
spheric density  ? 

(35)  The  specific  gi-avity  ot  the  weights  employed  by 
jewellers,  for  weighing  precious  stones,  is  greater  th m  that  of 
the  stones  themselves.  Is  it  more  advantageous  for  the  jeweller 
to  sell  stones  when  the  barometer  is  high,  or  when  it  is  low  ? 

(36)  •  A  tube  closed  at  both  ends  and  2->  inclies  lung  is  half 
filled  with  mercury,  the  remaining  portion  being  occupied  with 
air  at  atmospheric  pressure.  If  the  tube  be  placed  in  a  verti- 
cal position  with  tlie  mercury  uppermost,  and  tlie  upper  end 
be  opened,  find  ho'v  far  the  mercury  will  sink,  the  height  of  the 
barometer  at  the  time  being  2S  inches. 
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On  th^  AppUcaiioh  oj  At 


^4      T/ie  Dimng  Bell. 


If  a  glass  be  inverted,  and  witli  its  mouth  horizontal  be 
pressed  do^^^l  into  a  basin  of  water,  it  will  be  seen  that  though 
some  portion  of  water  ascends  into  the  glass,  the  greater  part 
of  the  glass  is  without  water. 

This  is  caused  by  the  c<  impression  of  the  air,  which  prevents 
the  water  from  rising  in  the  glass. 

The  Diving  Bell  works  on  the  same  principle.  A  heavy 
iron  chest  BCED,  open  at  DE,  is  susixjnded  fi-om  a  rope  Ay 
and  lowered  into  the  water,  with  its  open  end  downwards. 
The  water  will  then  rise  till  the  air  in  the  chest  is  sufficiently 
compressed  to  prevent  the  water  from  rising  beyond  a  certain 
height  J/iV. 

Air  is  pumped  in  occasionally  through  a  pipe  P,  and  the 
impure  air  is  allowed  to  escape  through  imother  pipe  Q. 
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85.     The  Common  or  Suction  Pump. 


.--R 


AB\?>'<!i  cylindrical  barrel  in  which  a  piston  P,  with  a  valve 
opening  upwards,  is  worked  up  and  down  l)y  thg  handle  R. 
JiCi^  a  pipe,  coininunlcating  with  the  barrel  by  u  valve,  open- 
ing upwards.  The  end  C,  which  is  pierced  with  a  number  of 
small  holes,  is  placed  under  the  surface  of  the  water  which  is 
to  be  raised. 

Suppose  the  piston  to  be  at  the  bottom  of  the  barrel. 
Then  when  the  piston  is  raised  the  valve  P  is  closed  by  the 
pressure  of  the  air  on  its  upper  surface,  and  there  being 
little  or  no  air  in  PB,  the  valve  B  is  opened  by  the  action 
of  the  air  in  BC,  and  as  it  continues  open  during  tne  whole  as- 
cent of  the  piston,  the  air  in  BII,  the  part  of  the  suction-pipe 
above  the  surface  of  the  water,  expands  into  the  barrel,  and 
becomes  less  dense  than  the  air  which  prcs.ses  on  the  water 
outside  the  suction-pipe.  The  water  is  consequently  forced  up 
the  pipe  by  the  pressure  of  the  atmosphere,  till  the  pressure 
downwards  at  //  is  equal  to  the  atm()>plieric  pressure. 

When  the  piston  descends  the  valve  B  closes,  and  the  air 
m  PB,  being  condensed,  ttpens  the  valve  P. 

This  process  being  continued,  the  water  will  at  length  rise 
through  the  valve  B,  and  at  the  next  ascent  of  the  piston  a 
mass  of  wat'T  v^U  be  lifted  and  tlischarged  through  the 
gp-.ut  D. 
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The  distance  ^//miist  be  less  than  the  height  of  a  cokimu 
oi  water  which  the  atmospheric  pressui-e  can  sustain,  that  is, 
less  than  32  feet. 


86.     Tlie  Forcing  Pump. 


J)L\. 


AB  is  a  cylindrical  barrel  in  which  a  solid  piston  P  is 
worked  up  and  down  the  space  AF. 

BC  is  a  suction-i)ipe  of  whtch  the  end  C  is  placed  under 
the  surface  of  the  water. 

DE  is  a  pipe  communicating  with  the  baiTcL 

At  B  and  D  ai-e  valves  oi>ening  upwards. 

Suppose  the  piston  to  be  at  the  bottom  of  its  range  in  the 
barrel.    Then  when  the  piston  is  raised  the  valve  at  D  remains 
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closed,  the  air  in  Z)Z?F  expands  as  the  piston  rises,  and  the  air 
in  BlI  opens  the  valve  D  and  expands  into  the  barrel.  The 
water  is  therefore  forced  up  the  suction-pipe  by  the  pressm-e 
of  the  atmosphere. 

When  the  piston  descends  the  air  in  PFBD  is  condensed, 
closes  tae  valve  B,  opens  the  valve  D,  and  escapes  through  D, 

When  the  piston  ascends  again  the  water  rises  higher  in 
BC,  and  this  process  is  continued  till  the  water  rises  through 
B.  Then  the  piston  on  its  descent  forces  the  water  up  the 
pipe  DE. 


87.  In  order  to  produce  a  continuous  stream  through  the 
pipe  at  E,  the  pipe  is  introduced  into  an  air-tight  vessel  DH 
into  which  the  valve  D  opens. 


When  the  water  has  been  forced  into  this  vessel  till  it  rises 
above  0,  the  lower  end  of  the  pipe,  the  air  which  lies  between 
the  surface  of  the  water  in  the  vessel  and  the  top  of  the  vessel 
is  suddenly  condensed  at  each  stroke  of  the  piston,  and  by  its 
reaction  on  the  water  forces  it  through  the  pipe  OE  iu  a  con- 
tinuous stream. 


7° ON  TflE  APPLICA TION  OF  AIR. 

SS.     The  Fire  Engine. 


1 


This  machine   consists  of  a  double  forcings-pump,  botl' 
.imps  coninmuiciiting  v.itJi  the  same  air-vessel  M. 

The  pipe  T  descends  into  a  reservoir  of  water. 

The  valves  opening  upwards  are  at  F,  V  and  R,  R'. 

F\f>,  a  fixed  beam  round  wliich  the  pistcn-rods  work. 

The  water  is  discharged  tliruugh  the  pipe  H. 
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The  Lifting  Pump. 
1^ 


JD 


AB  is  a  cylindrical  barrel  in  which  a  piston  with  a  valve  3i 
opening  upwards  works,  the  piston  rod  passing  through  an  air- 
tight collar  at  A. 

BC  is  the  suction-pipe  of  which  the  end  G  is  placed  under 
the  surface  of  the  water. 

DE  is  a  pipe  up  which  the  water  is  to  be  raised. 

At  D  and  B  are  valves  opening  upwards. 

Tlie  water  will  be  brought  within  reach  of  the  piston  by  a 
process  similar  to  that  which  has  been  described  in  the  case  of 
the  other  i)unips. 

When  the  piston  ascends  lifting  water  the  valve  at  D  opens, 
and  tlie  water  is  discharged  into  the  pipe  DE.  \Vhen  the 
piston  descends,  the  valve  at  D  closes,  and  prevents  the  return 
of  the  water  in  DE  into  the  barrel.  .^ 

Each  stroke  of  the  piston  increases  the  quantity  cf  water  in 
DE,  and  tiius  the  water  may  be  raised  to  any  height,  provided 
that  the  barrel  AB,  the  pipe  ED,  and  the  piston  rf)dbe  strong 
enough  t(»  bear  the  pressui'e  of  the  superincumbent  colunm  of 
<ater. 
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90. 


The  Siphon. 

The  Siphon  is  a  bent  hollow  tube  of  uniform  bore,  having 
one  branch  longer  than  the  other.  The  tube  is  filled  with  fluid, 
the  ends  are  closed,  and  the  shorter  branch  is  placed  in  a  vessel 
containing  fluid  like  that  with  which  the  siphon  is  filled. 

Let  the  plane  of  the  fluid's  surfiice  meet  the  branches  of  the 
siphon  in  H^  K. 

Then  if  the  ends  A,  G  be  opened  at  the  same  moment,  tbe 


fluid  will  flow  from  C  in  a  continuous  stream  till  the  vessel  is 
emptied  down  to  tl;e  level  of  A,  provided  that  B,  the  highest 
point  of  tlie  siphon,  is  at  a  less  distance  above  the  surface  of 
the  fluid  than  the  height  of  a  column  of  the  fluid  which  the 
pressure  of  the  atmospliere  will  sustain. 

To  explain  this,  consider  the  pressure  on  an  area  Z>,  equal 
to  the  area  of  a  horizontal  section  of  the  siphon,  in  the  surface 
of  the  fluid  :  then 

pressure  of  atmosphere  at  H'm  direction  /r^  =  pressure 
on  area  Z>, 

pressure  of  atmosphere  at  Cin  direction  C5  =  pressure 
on  area  D, 

:.  pressure  of  atnrosphere  at  //in  direction  //Z?  =  pressure 
of  atmosphere  at  Cin  direction  CB. 
Xow  pressure  of  atmosphere  at  //  is  diminished  by  the 
weight  of  column  of  fluid  BH,  and  pressure  of  atmosphere  at 
Cis  diminished  by  the  weight  of  column  of  fluid  BC^  and  since 
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the  column  BG\9,  greater  t'lan  column  BH,  the  effective  pres- 
sure of  atmosphere  in  direction  HB  is  greater  than  t\\c  effcdAce 
pressure  of  atmosphere  in  direction  6'A  and  therefore  the  fluid 
will  be  driven  by  the  effective  atmosplieric  pressure  in  a  con- 
tinuous stream  in  the  direction  HBC. 


91.     On  intermitting  Sjyrings. 

Intermitting  Springs  are  springs  whicli  run  for  a  time,  then 
stop  for  a  time,  and  then  begin  to  run  again. 

This  phenomenon  is  explained  by  the  principle  of  tlio 
Siphon. 

Let  A  be  a  reservoir  in  a  hill  in  which  water  is  gradually 
collected  through  fissures,  as  B,  C,  Z>,  communicating  with  the 
external  air. 


Now  suppose  a  channel  MNR  to  run  from  A,  first  ascend- 
ing to  N  and  then  descending  to  /?,  a  place  lower  than  the 
reservoir. 

As  the  water  collects  in  A  it  gradually  rises  in  the  channel 
to  iV,  and  then  flows  along  NR^  and  by  the  principle  of  the 
Siphon  it  will  continue  to  How  till  A  is  completely  drained. 
Then  tiie  flow  ceases  till  the  water  in  .4  has  collected  sutlicient- 
ly  to  reach  N. 


u 
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92.     BraniaJi's  Press. 

The  Hydrostatic  Press,  generally  called  Bramah's  Press,  is 
a  machine  by  which  an  enormous  pressure  is  obtained  by  means 
of  water,  the  only  assignable  limits  to  its  power  being  the 
strength  of  the  materials  of  which  it  is  formed. 

^C  is  a  forcing-pump,  by  the  action  of  which  water  is  forced 
into  a  tube  BD,  wliich  has  a  valve  B  opening  inwards. 

^  is  a  strong  cylindrical  piston,  with  a  base  many  times 
larger  than  the  base  uf  the  piston  A,  working  in  a  water-tight 
collar  at  M,  N. 
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Between  the  top  of  the  piston  E  and  a  fixed  beam  FG,  a 
bale  of  goods,  such  as  paper,  cotton  or  wool,  is  placed. 

Suppose  the  area  of  the  base  of  E  to  bo  20U  times  that  of 
the  base  of  A. 

Then  if  a  pressure  of  100  lbs.  be  applied  to  ^,  a  pressure  of 
(200  X  100)  lbs.  or  20,000  lbs.  will  be  conveyed  to  the  base  of  E. 

Thus  any  amount  of  pressure  may  be  applied  to  JV,  either 
by  increasing  the  pressure  applied  to  A,  or  by  making  the  base 
of  E  larger  in  comparison  with  the  base  of  A. 
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Examples.— VI. 

(1)  What  will  be  the  effect  of  making  a  small  aperture  in 
the  barrel  of  a  Forcing  Pump  ?  If  the  piston  work  uniformly 
up  and  down  the  length  of  the  barrel,  and  a  small  aperture  be 
made  one- third  of  the  way  up  the  barrel,  how  much  more  time 
than  before  will  be  consumed  in  filling  a  tank '/ 

(2)  If  the  upward  motion  of  the  piston  of  a  Common 
Pump  be  stopped,  when  the  water  has  risen  to  the  height  of 
16  feet  in  the  supply  pipe,  but  has  not  yet  reached  the  piston, 
find  the  tension  of  the  piston-rod,  the  area  of  the  piston  being 
4  square  inches,  and  the  atmospheric  pressure  15  lbs.  on  the 
square  inch. 

(3)  What  would  be  the  effect  of  opening  a  small  hole  at 
any  point  in  the  Siphon,  first  above,  secondly  below  the  surface 
of  the  fluid  in  the  vessel  ? 

(4)  What  is  the  greatest  height  above  the  surface  of  a 
spring  over  which  its  water  may  be  carried  by  means  of  a 
siphon-tube,  when  the  bar  imeter  stands  at  29  inches,  the 
specific  gravity  of  mercury  being  13*57  \ 

(5)  What  would  take  place  in  a  siphon  at  work  if  the 
pressure  of  the  atmosphere  were  removed  \ 

(C)  Will  the  siphon  act  better  at  the  top  or  the  bottom  of 
a  mountain  ? 

(7)  Could  a  siphon  be  employed  to  pump  water  out  of  the 
hold  of  a  ship  floating  in  a  harbour  ? 

(8)  What  is  the  greatest  height  over  wjiich  water  can  be 
can-ied  by  means  of  a  siphon  when  the  mercui'ial  bai'ometer 
stands  at  30  inches  ? 

(9)  If  the  ends  of  a  siphon  were  immersed  in  two  fluids  of 
the  same  kind  and  the  air  were  removed,  describe  what  would 
take  place. 

(10)  A  hollow  tube  is  introduced  into  the  bottom  of  a 
cylindrical  vessel  through  an  air-tight  collar  ;  and  a  large  tube, 
of  which  the  top  is  closed,  su.-pended  over  it,  so  as  not  quite  to 
touch  tlie  bottom  :  cousiik-r  tlie  cffl'Ct  of  gradually  pouring 
water  into  the  cylinder,  until  it  reaches  the  level  of  the  top  ol 
tljo  inverted  tube. 
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(11)  A  siphon  is  placed  with  one  end  in  a  vessel  fall  of 
water,  and  the  other  in  a  similcU*  empty  one,  both  of  which  are 
on  the  plate  of  an  air-pump.  As  soon  as  the  water  has  cover- 
ed the  lower  end  of  the  siphon,  a  receiver  is  put  on,  and  the 
air  rapidly  exhausted,  and  then  gradually  readmitted  :  describe 
the  effects  produced. 

(12)  A  siphon,  filled  with  water,  has  its  ends  inserted  in 
vessels  filled  with  water  ;  state  what  will  take  place  when  the 
vertical  distances  of  the  highest  point  of  the  siphon  above  the 
surface  of  the  fluid  are  both  less,  both  greater,  and  one  greater 
and  the  other  less  than  the  height  of  the  Water-Barometer. 

(13)  What  is  the  length  of  the  smallest  siphon  that  cai 
empty  a  vessel  2  feet  deep  \ 


CHAPTER  VIL 
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93.  The  general  consequence  of  imparting  heat  to  bodies 
is  the  expansion  of  their  volume. 

The  particles  which  compose  a  solid  body,  as  for  instance  a 
block  of  lead,  are  held  together  by  the  force  of  cohesion.  It 
requires  a  force  of  great  magnitude  to  increase  or  to  decrease 
the  volume  of  a  block  of  lead,  though  lead  is  a  soft  metal. 
The  application  of  heat,  by  weakening  the  force  of  cohesion, 
reduces  lead  and  other  metals  to  a  liquid  state,  pushes  the 
particles  more  widely  apart,  and  thus  increases  the  volume  of 
the  bodies  to  which  it  is  applied. 

If  heat  be  applied  to  a  liquid,  as  water,  the  cohesion  of  the 
particles  is  Aveakened,  and  they  ultimately  acquire  a  tendency 
to  break  away  from  each  other  and  assume  the  form  of  a 
vapour. 


If  heat  be  applied  to  an  elastic  fluid,  as  air,  it 
causes  it  to  expand.     Thus  if  a  bladder,  partly  full     r 
of  air,  be  placed  before  a  fire,  the  air  will  expand 
and  distend  the  bladder. 

Again,  if  a  piston  P  exactly  fits  a  cylindrical 
tube  ABy  and  is  supported  by  the  condensed  air 
ia  PB,  if  heat  be  applied  to  the  air  in  PB  it  will 
expand  and  raise  the  piston. 
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94.  The  Mercm-ial  Thermometer  is  an  instrament  con- 
structed to  measure  temperatures  by  means  of  the  extent  of 
the  expansion  or  contraction  of  mercury. 

It  consists  of  a  glass  tube  of  uniform  bore 
closed  at  A  and  terminating  at  the  other  end 
in  a  bulb.  The  bulb  contains  mercury,  which  ex- 
tends part  of  the  way  up  the  tube.  The  simce 
between  the  mercury  and  the  top  of  the  tube  is  a 
vacuum. 

If  the  mercury  in  the  instrument  be  subjected 
to  an  uicrease  of  heat,  it  expands  and  rises  higher 
in  the  tube. 

A  vacuum  is  obtained  in  the  upper  part  of  the 
tube  before  the  end  A  is  closed  by  making  the 
mercury  in  the  instrument  boil,  so  as  to  exi  el  the 
air  through  the  opening  at  -4,  which  is  then  her- 
metically sealed,  and  the  mercury  sinking  as  it  cools  leaves  a 
vacuum  in  the  upper  pai-t  of  the  tulie. 

95.  To  graduate  a  ThermomeUr. 

The  portion  of  the  instrument  containing  the  mercury  is 
plunged  into  melting  ice  :  the  mercury  shrinks,  the  column 
descends  and  finally  becomes  stationary.  The  point  at  which 
it  rests  is  marked;  it  is  the  freezing  puint  of  the  ther- 
mometer. 

The  instrument  is  next  placed  in  the  vapour  of  water  boil- 
ing under  a  given  atmospheric  pressure:  the  mercury  expands, 
the  column  rises  and  finally  becomes  stationary.  The  point  at 
which  it  rests  is  marked  :  it  is  the  boiling  point  of  the  ther- 
mometer. 

The  space  between  the  freezing  point  and  the  boiling  point 
is  divided  into  equal  spaces,  called  degrees. 

In  the  Centigrade  Thermometer  freezing  point  is  marked 
0®  and  boiling  point  lOQo. 

In  Fahrenheit's  Thermometer  freezing  point  is  marked  32*^ 
and  boiling  point  -212^ 

In  Reaumui-'s  Thermometer  freezing  point  is  marked  0°  and 
boiling  point  80^ 

96.  Having  given  the  nianher  of  degrees  on  Fahrenheit^ 
Thermometer,  ti)  find  the  corres^ponding  number  of  degrees 
on  the  Centigrade  Thermometer. 
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Let  AM  be  the  line  at  which  the  mercury  stands  at  freezing 
point, 

BN - at  boilicg  point. 


Now 


Then 
AM  ^\i^  BN  2XQ  marked  0*^  and  100''  on  the  Centigrade  scale 
32^  and  2120 Fahrenheit  

Let  the  mercury  stand  at  the  line  PQ,  and  suppose  the 
graduations  on  the  scales  to  be  G^  and  F^  respectively. 

AP      MQ 
AB~  llN' 
C  ^   i^-32 
^^  100  ""  212-32' 

C  _F-?,1 
^^100~     IbO    ' 

•  •  5  "      9      ' 

and  from  this  equation  we  can  find  C  when  F  is  given  and  F 
when  G  is  given. 

97.     To  compare  the  scales  of  the  Centigrade  and  Reau- 
mur's Thermometer,  we  proceed  in  the  same  way,  putting^)' 
/?,  80^  instead  of  32",  J',  212^  respectively,  and  we  obtain 
G  ^R 
100  "  bO ' 

G     R 
or  -  =  -  . 
o       4 

Hence  the  three  scales  are  thus  connected, 

G  ^F-n  ^R 

6~      9      ~  4' 
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98.  The  following  examples  will  shew  how  to  find  the 
number  of  clegi-ees  marked  on  any  one  of  the  three  scales  when 
the  number  marked  on  one  of  the  other  scales  is  given. 

Ex.  (1)  What  reading  on  the  Centigrade  scale  corre- 
sponds to  56°  Fahrenheit  ? 

G     F-Z2 
femce  -  =  — - — , 
o  9 

and  i^=56, 

(7_  56-32 

5~       9       ' 

.-.9(7=5x24, 

.*.  the  reading  on  the  Centigrade  scale  is  13^^  degrees. 

Ex.  (2)  What  reading  on  the  Fahrenheit  scale  corresponds 
to  14*'  Centigrade  ] 

Since  G=  14, 

14     .F-32 
5  ~      9       ' 

.'.  126  =  5i^-160, 
/.  bF=  286, 


that  is,  the  reading  on  the  Fahrenheit  scale  is  57^'*. 

Ex.  (3)    If  the  sum  of  the  readings  on  a  Centigrade  anii  a 
Reaumur  be  90,  what  is  the  reading  on  each  ? 

Here  we  have  two  equations,  from  which  we  can  find  c 
andi?, 

^=-  (1) 

5       4  ^^'' 

C+R  =  90 (2); 

.-.  4(7=  57? 

4C+4i?  =  360 

.-.  4ff  =  360-5ijf, 

,-.  9i2  =  360, 

and  so  ^  =  40  and  6' =  50. 
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Examples.— VII. 

(1)  Give  the  number  of  degi-ees  in  the  Centigrade  and 
Reaumur's  scale  respectively  that  coiTespond  to  the  following 
readings  on  Fahrenheit's  scale, 

(I;  30«,  (2)  45»,  (3)  56^  (4)  0^  (5)  -7",  (6)  -45^ 

(2)  Give  the  number  of  degrees  in  the  Centigi-ade  and 
Fahrenheit's  scale  respectively  that  con-espond  to  the  following 
readings  on  Reaumur's  scale, 

(1)  5°,  (2)  m\  (3)  0°,  (4)  -18",  (5)  ^64",  (6)  120^ 

(3)  Give  the  number  of  degrees  in  Fahrenheit's  and 
Reaumur's  scales  respectively  that  correspond  to  the  following 
readings  on  the  Centigrade  scale, 

(1)  16^,  (2)  45^  (3)  110",  (4)  0^  (5)  -lo",  (6)  -24». 

(4)  Is  it  necessary  that  the  section  of  the  tube  through 
which  the  mercui7  rises  in  the  Thermometer  should  be  the 
same  throughout  ? 

(o)  If  the  sum  of  the  readings  on  a  Centigrade  and  Fahren- 
heit be  60,  what  is  the  reading  on  each  ? 

(G)  At  what  temperature  will  the  degrees  on  Fahrenheit 
be  five  times  as  great  as  the  corresponding  degrees  on  the 
Centigi-ade  ? 

(7)  At  what  point  do  Fahrenheit  and  the  Centigrade  mark 
the  same  number  of  decrees  ? 

(^)  Show  how  to  graduate  a  Thermometer  on  whose  scale 
20°  shall  denote  the  freezing  point,  and  whose  80th  degree  shall 
indicate  the  same  temperature  as  80^  Fahrenheit. 

(9)  What  will  be  the  reading  on  the  Centigrade  when 
Fahrenlieit  stands  at  7S"  \ 

(10)  The  sum  of  the  number  of  degrees  indicating  the 
Bame  temperature  on  the  Centigrade  and  Falireuhcit  is  88, 
find  thfc  number  of  degrees  on  each. 

(11)  What  reading  on  the  Centigrade  corresponds  to  49* 

Falirenheit  ? 
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(12)  What  would  be  the  inconvenience  of  having  tlie  bore 
of  the  Thermometer  large  ? 

(13)  At  what  temperature  will  the  degrees  on  Fahrenheit 
be  3  times  as  great  as  the  corresponding  degrees  Centigrade  ? 

(14")  The  numbers  of  degrees  indicated  at  the  same  instant 
by  a  Centigrade  and  a  Fahrenheit's  thermometer  are  as  5  :  17; 
determine  the  temperature. 

(lo)  What  is  the  temperature  when  the  number  of  degrees 
on  the  Centigrade  is  as  much  below  zero,  as  that  on  Fahren- 
heit's is  above  zero  ? 

(16)  One  Thermometer  marks  two  temperatures  by  9"  and 
10^  ;  another  Thermometer  by  12'^  and  14'^;  what  will  the  latter 
mark,  w'hen  the  former  marks  1 5*^  % 

(17)  One  Thermometer  marks  two  temperatures  by  S*^  and 
10^  ;  another  Thermometer  by  11'^  and  14";  what  will  the  latter 
mark  when  the  former  marks  16"? 

(IS)  If  the  diflference  of  the  readings  on  Fahrenheit  and 
Reaumur  be  47,  what  are  the  readings  ?  If  the  difference  in- 
crease by  a  given  number  of  degrees,  find  how  much  each  of 
the  tliermometers  has  risen. 


CHAPTER  VIII. 


Miscellaneo2is  Examples. 

99.  We  shall  now  give  a  series  of  examples  to  illustrate 
more  fully  the  principles  explained  in  the  preceding  Chapters. 
The  important  law  of  pressure  in  the  case  of  compressed  air, 
of  which  we  treated  in  Arts.  SO,  81,  will  be  referred  to  as 
Marriotte's  Laio  *. 


Examples  worked  out. 

1.  Water  is  770  times  as  heaty  as  air.  At  what  depth 
ill  a  laics  would  a  bubble  of  air  be  compressed  to  the  density 
of  water,  supposing  Marriotte^s  lam  to  hold  good  throughout 
tor  compression  ? 

At  the  surface  the  density  =  that  of  atmosphere, 
and  33  feet  of  water  are  equivalent  to  one  atmosphere  ; 
.'.  at  depth  of  33  ft.  the  density  =  twice  atmospheric  pressure. 

(2x33)  ft =  three  times 

(769x33)ft =  770times 

/.  the  density  will  be  equal  to  that  of  water  at  a  depth  of 
(769  X  33)  ft.  /.  e.,  2ry3n  ft. 


•  It  was  proved  by  the  independent  researches  of  Marriotte,  a  French 
Physician,  and  Boyle,  the  Enisrii-H  Philosopher. 
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2.  A  hody  iceighs  in  air  IQOi)  grs.,  m  water  300  grs.,  and 
in  cmot/ier  liquid  420  grs.:  what  is  the  specific  gravity  of  the 
latter  liaidd? 

In  water  the  body  loses  (1000- 300) grs.,  i.e.  700 grs., 

in  other  liquid (1000  — 420} grs.,  i.e.  580  grs.; 

.'.  equal  volumes  of  water  and  of  the  other  liquid  weigh  re- 
spectively 700  grs.  and  5S0  grs. 

5S0 
.'.  measure  of  specific  gravity  of  other  licjuid  =  '      =-8285714. 

3.  TaJdng  account  of  atmospheric  pressure^  and  taking 
33  feet  as  the  height  of  the  vater  barometer,  at  what  depth 
in  a  lake  is  the  pressure  ticice  what  it  is  at  a  depth  of  one 
yard  ? 

Pressure  at  the  surface  =  weight  of  column  of  water  33  ft.  high, 
Pressure  at  3ft.  depth  =  Aveight  of  column  of  water  36ft.  high: 
.•.  for  a  double  pressure  we  must  take  36  feet  lower,  that  is, 
36  feet  lower  than  3  feet,  or  39  feet  from  the  surface. 

4.  Aflat  p>iece  ffiron,  iceighing  3  lbs.,  floats  in  mercury  ; 

and  if  another  piece  of  iron  of  like  density  iceighing  2  —  lbs. 

^J  placed  upon  it,  the  flat  piece  is  just  immersed.  Compare 
the  specific  gravities  of  iron  and  mercury. 

Total  weight  of  iron  =  (  3  +  2  f^  ^  lbs.  =  5  ^  lbs. 
\  20  /  2b 

The  volumes  of  the  part  immersed  and  of  the  whole  will  be 
as  the  weights,  that  is,  as  3:5^-,  or  as  78  :  135. 

.*.  sp.  gr.  of  iron  :  sp.  gr.  of  mercury  =  78  :  135, 

=  26  :    45. 

5.  Air  is  confined  in  a  cylinder  surmounted  by  a  piston 
without  weight,  whose  area  is  a  square  foot.  What  iceight 
must  be  placed  on  the  pi.Hon  tliai  the  volume  of  air  may  be 
reduced  to  half  its  dimensions  ? 

By  Marriotte's  law  the  air  when  reduced  to  half  its  volume 
will  have  double  its  original  pressure.  Hence  taking  15  lbs. 
per  square  inch  as  the  original  atmospheric  pressure,  it  be- 
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comes  30  lbs.  per  square  inch  below  the  piston.  But  the  at- 
mosphere still  exerts  a  pressure  of  15  lbs.  per  square  inch 
above  the  piston.  Therefore  a  pressure  of  15  lbs.  more  per 
square  inch  is  required  to  keep  the  piston  at  rest. 

/.  weight  required  =  (15  x  144)lbs.  =  21G0  lbs. 

6.  If  the  capacity  of  the  receiver  of  an  air-pump  he  10 
times  that  of  the  barrel,  shew  that,  after  3  strokes  of  the  pistoyi, 
the  air  in  the  receiver  icill  have  lost  nearly  one-fourth  of  its 
density. 

By  the  formula  of  Art.  72,  if  p^  and  p„  be  the  densities 
originally  and  after  the  ifi"  stroke,  and  R  and  B  be  the  capa- 
cities of  the  receiver  and  barrel, 

Po      \R  +  B, 

••  Po~  VlO+1/    ~  1331' 

,       .,    ,     ,      /,       1000\  331  1 

•'   <ie°sity  lost=  (^1  -  i^j  Po=  i^Po  -  ^  Pa  nearly. 


7.     A 


block  of  wood  f  s.  G.  -^  j  weighing  156  lbs.  is  flo 


ing  in  fresh  water.     What  weight  placed  on  it  will  sink  it  to 
the  level  of  the  water  ? 

■  Let  ^  =  the  weight  in  lbs. 
Then  x  -f  15G  =  wci-ht  in  lbs.  of  water  displaced  by  volume 
of  wood  alone, 

13      ,„^ 

=  169; 
.-.  j:  =  (169-156)lbs.  =  13lbs. 

8.  In  a  mixture  of  two  fluids,  of  ichicJi  the  specific  gra- 
vities are  3  and  5  respectively,  a  body,  whose  s.  G.  is  8,  loie& 
half  its  weight.    Compare  the  volumes  mixed. 

Weight  lost  =  weight  of  fluid  displaced, 

=  -  weight  of  body  whose  s.  g.  is  8, 

.'.  8.  G.  of  the  mixture  is  4. 
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And  since  the  separate  specific  gi-avities  are  3  and  5,  while  the 
sp.  gr.  of  the  mixtiu'e  is  4.  the  fluids  must  be  mixed  in  equal 
volumes. 

9.  A  vessel  of  water  has  for  its  horizontal  section  a  rect- 
angle 6  feet  hy  2  feet.  A  substance  iceighing  550  Ihs.  is  im- 
mersed in  it,  and  the  water  rises  8  incites.    Find  the  specific 

ravity  of  the  substance. 

Sectional  area  =  12  square  feet. 

Volume  of  substance  =  (  12  x  -  j  cub.  ft. 

=  8  cubic  feet; 

.'.   8  cubic  feet  of  the  substance  weigh  550  lbs. ; 

550 

.'.  1  cub.  ft -^  lbs.,  or  6875  lbs. 

b 

Also,  a  cubic  foot  of  water  weighs  62"5  lbs., 

.*.  sp.  gr,  of  substance—  -—r-z-  =Vl. 
b'Z'o 

10.  A  cylinder  f  oats  in  a  fluid  A  irith  one-third  of  its 
axis  immersed,  and  in  another  B  icith  three  fourths  of  its 
axis  immersed.  How  deep  will  it  float  in  a  fluid  which  is  a 
mixture  of  equal  columes  of  A  and  B? 

3      1 
Sp.  gr.  of  ^  :  sp.  gr.  of  i?  =  ^  :  ^, 

=  9:4; 

9  +  4 
.'.  sp.  gr.  of  mixture  of  equal  volumes  =  — -—  =6'5. 

If  therefore  the  body  has  -  of  its  axis  immersed  in  a  fluid 

of  s.  G.  9,  when  it  is  immersed  in  a  fluid  of  s.  g.  6'5  the  part 
immersed  is  obtained  from  the  following  relation,  where  x  is 
the  part  immersed, 

<"<'       6 
.^       0 

.J         13 
0  , 
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100.    We  shall  now  ^sq  a  set  of  easy  Examples  to  ba 
worked  by  the  student  by  way  of  practice. 


Examples. — VIII. 

1.  An  iceberg  (s.  g.  -925)  floats  in  sea-water  (s.  g.  1025). 
Find  the  ratio  of  the  part  out  of  the  water  to  the  part  im- 
mersed. 

2.  .  A  body  floats  in  a  fluid  (s.  g.  '9)  with  as  much  of  its 
volume  out  of  the  fluid  as  would  be  immersed  if  it  floated  in  a 
fluid  (s.  G.  ri).     Find  the  specific  gravity  of  the  body. 

3.  Find  the  Fahrenheit  Temperatures  corresponding  to 
-  40"  and  +  3o0°  Centigrade. 

4.  The  capacities  of  the  barrel  and  receiver  in  a  Smea- 
ton's  air-pump  are  as  1:3.  A  barometer  enclosed  in  the 
receiver  stands  at  28  inches.  What  will  be  the  height  after 
tliree  upward  strokes  of  the  piston  \ 

5.  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  difierent  fluids  with  equal  portions  above  the  surfaces,  and 
the  weight  of  one  hydrometer  :  that  of  the  other  =  1  :  p. 
Compare  the  specific  gravities  of  the  fluids. 

6.  A  man  weighing  10  stone  10  cz.  floats  with  the  water 
up  to  liis  chin  when  he  has  a  bladder  under  eacli  arm  equd  in 
size  to  his  head  and  without  weight.  If  his  head  be  one- 
twelfth  of  his  whole  bulk,  find  his  specific  gravity. 

7.  At  what  height  does  the  water  barometer  stand  when 
the  mercurial  barometer  stands  at  28  inches  (s.  g.  of  mercury 
-=13-6)? 

8.  What  degree  Centigrade  corresponds  to  IT  Fahren- 
heit? 

9.  A  man  6*feet  high  dives  vertically  downwards  >vith  his 
hands  stretched  18  inches  beyond  his  head.     What  depth  has 

3 
he  reached  when  the  pressure  at  his  fingers'  ends  is  ^  that  at 

his  feet  1 
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10.  *  A  string  \s'ill  bear  a  strain  of  10  lbs.  7  oz.  Determine 
the  size  of  the  largest  piece  of  corK  (s.  g.  '24)  -which  it  can  keep 
below  the  surfaoe  of  mercury  (s.  g.  13"6). 

11.  In  De  Lisle's  Thermometer  the  freezing  point  is  150° 
and  the  boiling  point  zero.  "What  degree  of  this  thermometer 
corresponds  to  47'^  Fahrenheit  ? 

12.  Cork  wouLl  float  in  n  atmospheres.  Find  n  (s.  g.  of 
air  and  cork  being  -0013  and  '24;. 

13.  An  elastic  body  of  s.  g.  "o  is  compressed  to  -— of 

20  +  4?i 

its  natural  size  by  immersion  n  feet  in  water.     x\t  what  depth 
will  it  rest  ? 

14.  If  the  body  in  Question  13  weigh  lOibs.,  what  are  the 
magnitudes  and  directions  of  the  forces  which  will  keep  it  in 
equilibrium  at  depths  (a)  5  feet,  and  (^;  30  feetT 

15.  At  what  depths  will  the  force  required  to  keep  the 
body  in  Questions  13  and  14  at  rest  be  1  lb.  ? 

16.  At  what  temperature  are  the  readings  on  Reaumur. 
Centigrade  and  Fahrenheit  proportional  to  4,  5,  25  ? 

17.  At  what  temperature  is  the  sum  of  the  readings  on 
Reaumm-,  Centigrade  and  Fahrenheit  212  ? 

18.  A  body  (s.  g.  2*6)  weighs  22  lbs.  in  vacuo  and  another 
body  (s.  G.  7'S)  weighs  n  lbs.  in  vacuo ;  and  their  apparent 
weights  in  water  are  equal.     Find  n. 

19.  FiiKl  the  specific  gravity  of  the  fluid  in  which  the 
apparent  weights  of  1  lb.  of  one  substance  (s.  G.  3)  and  3  lbs.  of 
another  substance  (s.  g.  2 '25)  ai'e  equal. 

20.  Equal  volumes  of  two  substances  (s.  g.  27  and  6-1 )  are 
immersed  in  water  and  balance  on  a  straight  lever  71  inches 

ong.    Find  the  position  of  the  fulcrum. 

101.  We  proceed  with  some  examples  of  somewhat  greater 
difliculty  than  those  already  given. 

Note.  We  shall  assume  that  the  volume  of  a  sphere  is 
-  7rr^,  r  being  the  radius 

o 
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Examples  worked  out. 

1.    Shew  how  the  depth  of  the  descent  in  a  Diving  Bell 
can  he  determined  from  observations  on  the  harometer. 


X 

y 

C ,D 


Let  AB  be  the  surface  of  the  water,  CD  the  water  level  in 
the  bell  at  the  end  of  the  descent. 

Now  pressure  at  CD  is  equal  to  pressure  throughout  the 
upper  part  of  the  bell,  and  is  tlierefore  equal  to  the  pressure 
due  to  atmosphere  +  weight  of  column  of  water  (x  +  y)  ft.  high. 

Hence  if  S  be  the  measure  of  the  specific  gravity  of 
mcrcuiT,  and  h,  li  the  measures  of  the  heights  of  the  mercu- 
rial column  at  surfice  of  the  water  and  at  the  bottom, 

measure  of  pressure  at  CD  =  hs  +  (a;  +  ?/)  x  1 . 

But  measure  of  pressure  at  CD-h's ; 

.'.  hs  +  x  +  y  =  h'8, 

.'.  x  =  {h'  —  h)s  —  y. 

Now,  by  Marriotte's  law,  if  a  be  the  measure  of  the  height 
of  the  bell, 

y      h  h 

.'.  x-{h'  —  h  s—  ,   a. 
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2.  What  must  he  the  least  size  in  cubic  feet  of  an  inflated 
balloon,  that  it  may  rise  from,  the  earth  ichen  filled  with  gas 
whose  specific  gravity  compared  with  that  of  air  is  '08,  the 
tceight  of  a  cubic  foot  of  air  being  "3  grains,  and  the  collapsed 
balloo7i  car  and  contents  weighing  altogether  550  lbs.  F 

Taking  1  as  the  measure  of  the  specific  gi-avity  of  air, 

and  V  ofthevokimeof  theiuflatedbahoo'i. 

weight  of  inflated  balloon,        )      ,  ^^     ,^     „, 

f     .  .  1  .    ..  ,         -=C08x  Fx-3)grs. 

neglecting  weight  of  envelope,) 

weight  of  air  displaced  =(-Fx  1}  grs.  =  Fgrs. 

Now  1  cubic  ft.  of  air  weighs   3  grs., 

/.   F  -SFgrs.; 

.-.  ascensional  force  =  ("3  F-  'OS  F  x  -3)  grs. 
=  (-92x-3F)grs. 


.-.  -92  X -3  r=  550x7000, 

0  X  TOO 
•92  X  -3 


„      550x7000       ,     ^        r-r,--.   -       \     n.  ^ 

F=  cub.  ft.  =S072-ocub.  ft.  nearly. 


3.  The  iceight  of  a  globe  in  air  is  JF,  and  in  zcafer  w  ; 
find  its  radius,  sujjposing  s  and  a  to  be  the  specific  gravities 
of  water  and  air. 

Let  i?  =  radius  of  globe,  and  P  =  weight  of  globe  in  vacuo. 

4 
Then  volume  of  globe  = .,  ttE^  ; 

o 

.'.  P-l'nR'a^W (1), 


P-'^^7rR^s=iD  (2). 

Hence,  subtracting  (2)  from  (1), 

tTR\s-a)=  IF-w]" 


yj3      W-w\ 
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4,  Hoic  deep  must  a  cylindrical  diving  hell  he  submerged 

to  as  to  be  just  half  full  of  water  ? 

At  first  the  bell  is  full  of  air  of  ordinary  density. 

When  the  bell  is  half  full  of  water,  the  air  is  compressed 
into  half  its  original  volume,  and  therefore  the  density  is 
doubled. 

But  the  additional  density  is  entirely  due  to  the  weight  of 
a  column  of  water  33  feet  high. 

Hence  when  the  surface  of  the  water  in  the  bell  is  33  feet 
Ijelow  the  upper  surface,  the  bell  will  be  half  full  of  water. 

5.  A  spherical  halloon  is  to  be  formed  of  a  material  of 
irhich  the  thickness  is  k,  and  specific  gravity  relatively  to 
air  S  ;  if  it  be  filled  icith  gas  of  specific  gravity  d,  prove  that 
in  order  tliat  it  may  ascend  the  extreme  radius  must  exceed 


-('s 

-V 

d)  • 

Let  a;  =  extreme  radius. 

Then  ;r  -  k  =  interior  radius. 

.*.  weight  of  envelope  alone 

-l^{^- 

-{X-. 

Kf]h. 

..(1), 

gas 

,.|.(.- 

-Kfd 

.  (2), 

air  displaced  ... 

=  -7r^x 

1 

..(3). 

The  balloon  will  not  ascend  unless  the  sum  of  (1)  and  (2)  be 
less  than  (3). 

4  4  4 

.*.  -'n{a^-{x-Kf]b->r-ir{x-K)^d—-iTa^\e^s  than  0; 

o  o  u 

.'.  a?3  (5  - 1)  less  than  {x  -  kY  (d-  d), 


1 -^greater  than (?—^)*. 
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-Va^/}  •      ■ 


'lessthaul    "-'^' 


:.  X  greater  than 7^Y\i 

6.    For  tioo  given   temperatures    the    readings    of  one 

thermometer   are   w®    and  m^   and  of  another  v^  and  /*• 

respectively.     W/iat  will  be  the  reading  of  the  latter  icJien 

the  former  gives  l^  ? 

[ii  —  iTfi)  deg.  of  the  1st  are  equivalent  to  {y  —  \x)  deg.  of  the  2nd. 


1-     .... 

1st 

n-m 



....  2nd. 

I'     .... 

1st 

(r-^rl 

I.... 

....  2nd. 

7.  A  globe,  2  feet  in  diameter,  ichen  floating  is  half  im- 
mersed in  water  ;  what  is  its  weight  ? 

The  globe  must  be  half  as  heavy  as  water. 

4 
Now  volume  of  globe  =  ^  tt  cubic  feet, 

o 

and  1  cub.  ft.  of  water  weighs  62"5  lbs. 

.*.  -TT  cub.  ft.  of  water  weigh  ( 6225  x  —J lbs. ; 

.'.  weight  of  globe  =  -  (  62*25  x  ^  )  lbs. 
=  130-9  lbs.  nearly. 

8.  A  sphere  whose  radius  is  6  inches  and  weight  ?5  Ib^ 
is  suspended  by  a  string.  Required  the  tension  of  the  string 
when  the  sphere  is  xcholly  immersed  in  water. 

4         /l\^  77 

Volume  of  sphere  =  n  'r  (  9 )  ^"b.  ft.=  -  cub  ft 

Weight  of  water  displaced  =  \%^  62-5  j  lbs. 

/.  tension  of  string  ^  (  35-^  x  62-5  J  lbs. 
—  2275  lbs.  nearly. 
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9.  A  pipe  15  feet  long,  closed  at  the  upper  extremity,  is 
placed  vertic<dly  in  a  tank  of  the  same  height,  and  the  tank  is 
filled  with  icater.  Prove  that  if  the  heigJd  of  the  water 
barometer  le  33/<{.  din.,  the  water  will  rise  Zfl.  din.  in  the 
tuho. 

Let  ^= measure  of  height  to  which  the  water  rises  in  feet. 

Then  15  — a;  =  measure  of  space  filled  with  air. 

By  Marriotte's  law,  the  pressure  of  the  air  inside  may  be 
represented  by 

'''     X33^ 


\b-x  4 

But  this  pressure  is  also  represented  by  the  measure  of  a 
column  of  water  33-ft.  +  a  column  (15-.^•)ft. 

/.  33  ^  +  15-^  =  -^  X  33?, 
4  lo-iC  4' 

„    255        /25.5\2      50625 

x  +  { 


(f) 


4   '^  '  V  8  y  64    » 

_25.5_      225 
•'•  "^       8  ~  "^   8    ' 

.-.  .r  =  60ft.    or  37  ft. 
4 

The  first  result  is  evidently  impossible. 

10.  If  a  lighter  fluid  rest  upon  a  heavier,  and  their 
Bpecific  gravities  he  s  and  s',  and  if  a  body  ichose  sp,  gr.  is  a- 
rest  with  V  of  its  vAume  in  the  upper  fluid  and  V  in  the 
lower,  shew  that 

V  :    V'  =  ^-a-  :  <t-s, 
weight  of  body  =  weight  of  fluid  displaced, 

=^sV-vsV\ 
.-.   V  :    V'^s'-v  :  a-t. 
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Ex.\:mples.  —IX. 

1.  Equal  volumes  of  gold  (s.g.  19-4)  and  silver  (s.G.  10*4) 
balance  on  a  straigl.t  lever,  (1)  in  vacuo,  (2)  in  water,  (3)  in 
mercury  (s.g.  13'5).  Find  the  ratio  of  the  arms  and  position 
of  the  fulcrum  in  each  case. 

2.  An  inchned  plane  is  immersed  in  a  fluid  (s.  g.  3)  and  a 
body  (s.G.  7)  weighing  7  lbs.  in  vacuo  is  supported  on  the  plane 
by  a  horizontal  force  of  3  lbs.  Find  the  ratio  of  the  iieight  and 
base  of  the  plane. 

3.  A  balloon  filled  with  Hydrogen  (s.g.  '07)  just  rises  in 
air  (s.g.  1\  The  balloon,  exclusive  of  the  Hydrogen,  weighs 
lOcwt.  If  a  cubic  foot  of  air  weigh  1-3  oz.,  find  the  volume  of 
Hydrogen  in  the  balloon,  neglecting  the  volume  of  all  else. 

4.  If  the  balloon  in  Question  (3)  rise  and  rest  with  its 
barometer  at  three-fourths  of  its  original  height,  how  much 
gas  must  have  been  expelled,  and  how  much  ballast  thrown 
out? 

5.  Explain  why  the  gas  and  ballast  in  Question  (4)  are 
expelled. 

6.  A  cylindrical  vessel  is  made  of  wood:  the  exterior 
radius  is  4  inches  and  the  interior  3  inches,  the  thickness  of 
the  bottom  one  inch,  and  the  height  of  the  cylinder  9  inches. 
It  floats  in  water  when  the  bottom  is  3  inches  below  the  sur- 
face. Find  the  specific  gravity  of  the  wood  and  the  depth  to 
which  it  will  sink  when  a  small  hole  is  made  in  the  bottom. 

7.  A  piece  of  ice,  supporting  a  stone,  floats  in  a  vessel  of 
water.  Will  any  change  take  place  in  the  level  of  the  water 
as  the  ice  melts  ? 

i    8.    Shew  that  in  a  cylinder  immersed  as  in  Question  (25)  ■ 
page  64,  the  depth  of  the  interior  surface  below  the  exterior  is 
a  mean  proportional  between  the  height  of  the  water  in  the 
cylinder  and  that  of  the  water  barometer. 

9.  A  cubical  water-tight  box,  whose  edge  is  1  foot,  is  sunk 
to  a  depth  of  SO  fathoms  in  the  sea.  Find  the  pressure  on  the 
top. 

Would  it  make  any  diflTerence  in  the  circumstances  of  the 
box  if  it  were  not  water-tight  ? 
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10.  An  elastic  air-tight  bag  has  forced  into  it  air  sufficient 
to  fill  19  bags  of  the  same  original  size.  To  what  depth  must 
it  be  sunk  in  the  water  that  it  inuy  return  to  its  original  size, 
the  height  of  the  water-barometer  being  34  feet  ? 

11.  A  vesssel  made  of  thin  heavy  material  and  containing 
a  cubic  foot  of  fluid,  the  specific  gravity  of  which  is  - ,  floats  in 

a 

water,  the  surfaces  of  the  water  and  the  fluid  being  in  the 
same  horizontal  plane.  Find  the  weight  of  the  vessel  when 
empty. 

12.  In  Question  (11)  if  some  more  fluid  of  the  same  kind 
be  poured  into  the  vessel,  will  the  surface  of  the  fluid  or  that 
of  trie  water  be  the  higher  ? 

13.  A  cylinder  30  inches  long  is  composed  of  lignum  vitoe 
in  its  lower  half  and  cork  in  its  ujiper  half,  and  floats  vertically 
in  water.  If  the  specific  gravities  of  lignum  vitte  and  cork  be 
1-1  and  25  respectively,  shew  that  the  cylinder  Avill  float  20-25 
inches  deep. 

14.  Two  pieces  of  cork,  both  small  but  the  volume  of  one 
three  times  that  of  the  other,  are  connected  by  a  thread  three 
feet  long  passing  round  a  fixed  pulley  at  the  bottom  of  a  tank 
of  water  2  feet  deep.  Supposing  the  specific  gravity  of  cork 
to  be  '25,  shew  that  in  the  position  of  equilibrium  the  smaller 
piece  will  be  totally  immersed  and  the  larger  piece  half 
immersed. 

15.  Two  reservoirs  of  water  at  diS'erent  levels  are  separated 
by  a  solid  embankment,  and  a  bent  irori  tube  of  adequate  length 
is  placed  with  an  end  in  each.  If  the  barrel  of  an  air-pump 
be  screwed  into  an  aperture  at  the  top  of  the  tube,  shew  that 
generally  after  sufficiently  working  the  air-pump  the  water  will 
flow  through  the  tube  from  the  higher  reservoir  to  the  lower. 
Under  what  circumstances  will  this  fail  to  take  place  \ 

16.  Two  bodies  of  equd  volume  are  placed  one  in  each 
scale-pan  of  a  Hydrostatic  Balance,  and  are  then  innnerscd  in 
two  li(]uids  which  are  .^-uch  that  the  bodies  just  balance  each 
other ;  the  liquids  arc  then  interchanged,  and  it  is  fijund  that 
the  bodies  balance  when  one  of  them  is  just  half  immersed. 
Find  how  much  of  the  heavier  body  nnist  be  immersed  in  a 
liquid,  composed  of  equal  volumes  of  the  two  hquids,  so  that  it 
may  just  balance  the  lighter  not  immersed. 
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17.  A  siphon  ABC,  each  branch  of  which  is  less  than  30 
inches  long,  is  filled  with  mercury  and  both  ends  are  stopped. 
It  is  then  placed  with  the  end  A  in  a  bowl  of  mercury  and  the 
end  C  in  a  bowl  of  water,  the  surface  of  the  mercury  being 
luicer  than  that  of  the  water  and  higher  than  the  end  C.  If 
The  ends  be  simultaneously  unstopped,  shew  that  mercury  will 
fluw  through  the  tube  into  the  water  pro\'ided  that 

—J  be  greater  than  - , 
sf  p 

z,  zf  being  the  respective  depths  of  the  end  G  below  the  planes 

of  the  surfaces,  and  p,  p'  the  respective  densities  of  mercury 

and  water. 

18.  The  air-vessel  of  a  force-pump  is  a  cylinder  of  height  <:, 
whose  section  A  is  the  same  as  that  of  the  piston  :  the  water 
has  to  be  lifted  to  height  h  of  the  water-barometer  above  the 
bi.)ttom  of  the  air-vessel,  by  uieaus  of  a  pipe  of  section  a  and 
height  h  :  if,  when  the  pump  commences  working,  the  water  be 
just  below  the  valve  in  the  air-chamber,  find  after  how  many 
strokes,  each  of  length*/,  of  the  piston,  the  water  will  be  at  the 
top  of  the  pipe. 

19.  A  cylinder  whose  height  is  8  inches,  is  floating  with 
its  axis  vertical  and  its  base  5  inches  below  the  surface  of 
water  :  a  weight  of  6  lbs.  when  placed  on  the  top  of  the  cylin- 
der just  brings  the  upper  surface  to  the  level  of  the  water. 
Find  the  weight  of  the  cyhnder. 

20.  When  two  metals  are  mixed  in  equal  volumes  they 
form  a  compound  of  specific  gravity  9  ;  when  they  are  mixed 

o 

in  equal  weights  they  form  a  compound  of  specific  gravity  8  -; 

find  the  specific  gi-avities  of  the  metals. 

,  21.  A  cylindrical  jar  can  just  sustain  a  pressure  of  IGo  lbs. 
to  the  square  inch  without  breaking,  and  an  air-tight  piston 
which  fits  the  jar  is  thnist  down  and  compresses  the  air  in  the 
jar.  Find  the  height  of  the  jar,  supposing  it  to  burst  when  the 
piston  is  an  inch  from  the  bottom  of  the  cylinder,  the  pressure 
of  atmosf)heric  air  being  15  lbs.  to  the  square  inch. 

22.  In  Smcaton's  air-pump  if  there  be  communication  with 
a  condenser  through  the  upper  valve,  and  the  capacity  of  the 
C5'linder  be  half  that  of  either  receiver  compare  the  pressures 
in  the  receivers  after  two  descents  ww.   ascents  of  the  pistou. 
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Notes. 

1.  Law  II.,  given  on  page  4,  can  be  deduced  from  Law  I., 
but  the  method  of  reasoning  is  not  adapted  to  an  elementary 
treatise. 

2.  On  page  15  the  construction  of  the  cylinder  and  lines 

6,  7,  8,  9  are  not  necessary  to  the  proof,  for  it  follows  at  once 
from  Art.  34  that 

fluid  pressure  at  ^  =  fluid  pressure  at  B. 

3.  On  page  24  it  might  be  clearer  if  we  inserted  the  sign 
X  or  the  word  times  between  VS,  and  (unit  of  weight)  in  Hne 

W 

7,  also  between  -^  and  (unit  of  specific  gravity)  in  line  14, 

and  so  in  several  other  cases  in  pages  24  and  25. 

4.  The  first  sentence  in  page  53  is  not  quite  correct :  it 
might  better  stand  thus :  "  The"  exhaustion  of  the  air  is  re- 
tarded by  the  difficulty  of  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  6',  and  it  must  always  be 
limited  by  the  weight  of  the  valve  C" 

6  The  Aneroid  Barometer  is  so  called  because  no  liquid 
(a  privative  and  i/r/poy  "moist")  is  used  in  its  construction, 
A  metal  cylinder  about  an  inch  in  height,  closed  by  an  clastic 
piece  of  metal,  is  exhausted,  and  as  the  metal  covering  rises  or  is 
depressed,  according  to  the  changes  of  atmospheric  pressure, 
it  sets  in  motion  hands  like  those  of  a  watch  connected  with 
it. 

6.  In  reading  the  descriptions  of  the  Pumps  in  pages 
67 — 71  the  student  must  be  careful  not  to  derive  any  erro- 
neous notions  from  the  uee  of  the  words  Siictio'^i-\)\\)e.  It 
is  retained  (perhaps  not  wisely)  as  a  technical  term,  con- 
venient for  distinguishing  the  lower  part  of  the  pumps  from 
the  barrel 

7.  In  the  description  of  the  Siphon  on  page  72  it  is  said 
to  be  of  uniform  bore.  This  is  not  essential  co  the  working 
of  the  instrument,  but  it  conduces  to  the  regular  action  ot  it, 
and  renders  the  explanation  more  simple. 

ti.  II.  7 
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It  is  also  stated  on  page  72  that  the  longer  branch  must 
he  oidside  the  vessel.  This  is  not  necessary,  for  the  instni- 
ment  will  work  with  the  shorter  branch  outside,  provided 
that  the  extremity  of  that  branch  be  below  the  sm-face  of 
the  fluid. 

8.  To  the  Thermometers  it  might  be  well  to  add  that 
which  is  called  De  Lisle's.  This  is  much  used  in  RussiaL 
scientific  operations.  In  it  the  boiling  point  is  marked  0°,  and 
the  freezing  point  150°. 

9.  It  should  be  carefully  observed  that  the  freezing  point 
of  a  Thermometer  is  found  by  placing  the  instilment  not  in 
freezing  water^  but  m.  melting  ice. 


ANSWERS. 


Examples  I.    (page  8.) 

1.     56|  tons.        2.     30  tons.        3.     29629-629  lbs. 

4.  1  oz,  5.     1  oz. 

6.     The  area  of  a  circle  whose  radius  is  r  is  Trr^,  and  tak 
ing  ^  as  an  api^roximate  vakie  of  tt,  the  answer  is  55S7g^cwt 

ExAiiPLES  II.     (page  18.) 

1.     20  lbs.        2.     37 1^  lbs.        3.     7:6.        4.     9:8. 

5.  10  feet.  6.     12  lbs.  7.     9  lbs. 

8.     Iton  7cwt.  3qrs.  17  lbs.  9.     11  lbs.   12|oz. 

10.    22500  lbs.         11.    1125^3  lbs.         12.     ^  of  i^^  height 

13.  Since  the  external  pressure  on  the  cork  increases 
with  the  depth,  while  the  internal  pressure  is  constant,  the 
cork  will  be  forced  in  when  the  former  exceeds  the  latter. 

14.  12^  tons.  15.     lb  feet. 


Examples  III.    (page  27.) 
1.     165  lbs.  2.     18:1.  3.     7|jfoz.         4.     'S. 

5.     5oz.        6.     l2#oz.         7.     .        8.     7776. 

m 

9.      1-16.  10.     -844.  11.     14. 

12.  -  cub.  in. ;  -  cub.  in. 
4  4 

13.  Volumes  as  1  :  2,  weights  as  l  :  4.  14.     2  ;  1. 
15.     2\l.                    16.     2.                    17.    9-325. 
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18.  If  c?i,  cl^,  c?3  be  the  measures  of  the  densities  of  the 
fluids,  and  d  be  the  measure  of  the  density  of  the  mixture, 
d.i  =  ocl  —  d-^  —  d.2. 

19.  S-241...         20.  -802...    21.     18-41.         22.     1-61.. 
23.     3-13.  24.     8-6...  oz. 

25.    The  volumes  are  as  57  : 1,  the  weights  as  2223  :  97. 


Examples  IV.    (page  42.) 

1.    3-3         2.    507870  tons.        3.    three-fourths. 

4.    4dwts.  20if  grs.       5.     4.     6.    3  times  weight  of  tub. 

7.     two-thirds.         8.     -£  oz.         9.    -7^  oz.        10.     3oz. 

57  432 

?lbs.         14.     3-5. 
b 

18.     17f.       19.      2f 

2.         23.    47Ubs. 

24.     12  feet.  25.     %Q>. 

26.  Because  the  specific  gravity  of  salt  water  is  gi-eater 
than  that  of  fresh  water. 

27.  ^.j  inches.  2S.     1728.  29.     7  1bs.  9iVoz. 

30.     Edge  of  cube  is  2  feet.  31.     b'il-. 

„^     height  of  triangle  00      1       ^      u  i. 

32.     — ~ -fr °     .  33.     1  :  4  when  vertex  is 

downwards  ;  3  :  4  when  vertex  is  upwards.         34.     16  lbs. 

26 
35.     "75.        36.     2  inches.        37.     9.        38.     -—inch. 

135 

3f).     4  lbs.  40.     3  lbs.  41.     95  lbs. 

42.    'u:^{ic^  —  w)  \ic,^{ic^  —  w).  43.     Increased,  if  t!.c 

wood  be  lighter  than  water.        44.    3  :  2.        4.'3.  I'l. 

14199 
47.     ,^,"  ,  or  '8  nearly.  48.     5^ inches. 

17/40  *'  '•' 

49.     Si^lbs.         50.     9Mlb3.         51.     10}^         52.     13. 
.53.     6    inches.  65.     2|. 

56.       *■      cub  in.  57.     —  of  a  cubic  yard. 


% 


11. 

42  oz. 

12.     -oz.         13 

15. 

80 
73* 

-     7-         ^^-     I 

20. 

16 
19* 

21        ^362           ^, 
^^-      2731-         "'" 
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58.     -of  volume.        59.     750  oz.         60.     -^ofaciib.  ft 
5  1U3 

W 
61.     93630245r6&7cub.  ft.         62.     —  .        6.3.     m  \  n. 

o 

64.     900  grains.       65.     1^^^  or  1-0272  nearly.       ^Q.     '54. 
67.    433  grains.  69.    42^j^  cub.  in. 


Examples  V.    (page  60.) 

/10\^  64 

I.  Density  =  (— j   times  original  density.       2.    —times 

original  pressm-e.  3.     9  :  1.  4.    No  .  because  the 

pressure  varies  with  the  depth  alone;  so  that  if  the  section 
varied  there  would  still  be  equal  vertical  increments  of  space 
for  equal  increments  of  pressure.  5.     53t  lbs. 

6.     1  ^f;  inches.  7.    The  mercury  '>vould  ftdl  to  the 

level  of  tlie  surface  in  the  cup.       8.     14"625  lbs.      9.     10  feet. 

10.  No  :  because  a  volume  of  mercury  equal  to  that 
displaced  by  the  iron  \vill  descend  and  allow  the  iron  to  take 
its   place    without    disturbing    the    general    upper    surface. 

II.  Sink:  see  answer  to  (16).  12.  The  mercury 
would  descend  a  little.  13.  2*38  square  inches.  14.  "OlOO 
of  original  volume.  15.  1  ft.  S^rf-^  in.  16.  When 
the  floating  body  is  partially  immersed,  both  air  and  warier 
are  displaced :  but  the  absolute  weight  of  floating  body  =  weight 
of  di-splaced  fluids,  which  must  therefore  be  constant :  there- 
fore wiien  the  barometer  rises,  there  must  be  a  less  water 
displacement,  i.e.  the  body  rises :  while  any  decrease  in  the 
atmospheric  pressure  (when  the  barometer  falls)  will  necessi- 
tate an  increased  water  displacement,  and  therefore  tlie  body 
then  sinks  a  little.                 17.     1:2.               20.     288  inches. 

21.     lOsOlbs.  22.     26  i3  inches.  23.     5  feet. 

24.     6  :  1.  25.     The  air  will  be  compressed  inside,  and 

so  displace  less  water :  and  since  it  floated  originally,  it  will 
now  sink,  because  the  weight  of  displaced  fluid  is  now  Ic-s  than 
the  weight  of  the  body.  26.     5  times  original  pressura 

C;7.     32  ft.  28.     5-^%  oz.  29.     4776  oz. 

oO.    AB  :  BC^p  :  q-p.         32.    The  space  between  zero 


AXSIVERS. 


point  and  any  graduation  ought  to  be  less  than  the  spa^c 
indicated  by  the  number  placed  agaiust  that  graduation  ii. 
the   ratio   of  17  :  18.  33.     14-9354bs.  nearly. 

34.    jQ  of  an  inch.       35.  Low.      36.    4t  iuches. 


Examples  VI.    (page  75.) 

1.  It  will  increase  the  time  of  filling  the  receiver,  sinre 
the  only  effective  work  would  be  done  by  the  descending 
piston,  after  passing  the  hole.  It  will  fill  the  tank  in  3  time-. 
the  original  time.  2.     27|^  lbs. 

3.  (a)  If  the  hole  be  below  the  level  of  short  end,  lu; 
effect. 

(/3)  If  above  this  level  but  still  in  the  long  branch,  a!! 
the  fluid  in  this  branch  below  the  hole  will  descend,  and  ail 
above  in  the  same  branch  will  ascend  causing  the  remainder 
of  the  fluid  to  flow  through  the  short  branch,  till  the  siphon 
is  emptied. 

(y)  If  in  the  short  branch,  all  the  fluid  below  the  hole 
is  this  branch  will  descend  ;  all  above  in  the  same  branch  will 
ascend  and  flow  through  the  long  branch,  emptying  the 
siphon. 

(S)  If  at  the  top  of  the  siphon,  the  fluid  will  descend 
in  each  branch  and  empty  the  siphon. 

4.  32  ft.  953  in.  or  32-79416  feet.  5.  The  fluid  would 
descend  in  each  branch  arid  the  siphon  be  emptied. 

6.  Equally  well  at  both,  if  the  siphon  be  not  too  high. 

7.  No:  because  the  hold  is  lower  than  the  surface  in 
harbour. 

8.  33  ft.  iriin.  9.  If  the  air  be  removed  from  the 
siphon,  the  fluids  would  first  ascend  in  each  branch  and  after- 
wards flow  as  usual.  10.  The  water  would  rise  in  the  in- 
verted tube  as  high  as  the  top  of  the  inserted  tube  and 
afterwards  flow  out  of  it.  11.  First,  the  water  would  soon 
cease  to  flow.  Secondly,  it  would  rise  in  each  branch,  and 
afterwards  flow.  12.  (a)  The  water  will  flow  into  the 
lower  vessel  {(S)  The  water  will  descend  in  each  branch  till 
it  stands  at  34  feet  above  each  surface,  (y)  The  same  as  ^u). 
J  3.     Each  branch  2  feet. 
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Examples  VII.     (page  81.) 

1.    (1)  -IF;  -r.         (2)  Tf;  ^¥.         (3)  13F;  lo^- 

(4)  -17F;   -Uf.        (5)  -2ir;   -17^".      (6)  -42^;  -34r. 
2.     (l)6f;43f.     (2)  25";  77<».     (3)0«;32^     (4)  -22i^  -Si". 

(5)  -80^   -112».         (6)  loO";  302''.  3.     (1)  60f ;  12f 
(2)  113^  36".        (3)  2300;  SS^.        (4)  32°;  0°.        (5)  S^;   -12". 

(6)  —11-5';   -19F-       4.     Yes:  if  the  graduations  are  to  be 
uniform.''       5.     10°  Cent,  and  50°  Fab.         6.     10°  Cent,  and 

4 
50°  Fah.        7.     -40'^.        8.    Make  each  desrree  -  ths  that  on 

o 

Fahrenheit.        8.    2.jf^.       10.    20°  Cent.,  68°  Fah.       11.    9f. 

12.  The  gi-aduations  would  be  inconveniently  small. 

13.  800  Fah.         14^    20'' Cent,  (yS"  Fah.         15.     -1  If  Cent., 
llf  Fah.       16.     240.       17.    23'\       IS.    69'  Fah.,  12"  Reaum.; 

if  d  be  the  number  of  degrees,  Fah.  rises  —  and  Reaum.  -^ . 


Examples  YIII.  (j^age  87.) 


1. 

4  :  37. 

2. 

•495.                3.     -40°  and  662°. 

4. 

11 -SI 25  inches, 

.  5. 

I  :  p.              6.     1-083. 

7. 

81ft.  88 in. 

8. 

-'2^\               9.    22*.  ft. 

10. 

k  cub.  ft. 
80 

11. 

X3n«.^     12.  ^. 

13. 

10  feet. 

14. 

(a)    2  -  lbs.  downwards  ; 

(^) 

2    lbs.  upwards. 

15.     7  2  ft.,  and  13^  ft 

16. 

50°  Fahrenheit. 

17.     1220  Fahrenheit. 

18. 

.4. 

19. 

2.           20.      17|  inches  from  one 

end. 


Examples  IX.  (page  94.) 

1.    (1)    97  :  52.  (2)    92  :  47.  (3)    59  :  90. 

In  (3)  fulcrum  is  at  one  end,  and  gold  between  fulcrum  and 
silver. 
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2.    3:4.  3.  Y^ ^^-  ^-    3  of  the  gas 

has  been  expelled,  and  -  of  the  whole  weight  thro^vii  out. 

5.  Gas  to  preserve  equilibrium  of  internal  and  external 
pressures  on  the  balloon.  Ballast  to  preserve  equilbrium  of 
vertical  pressures  on  the  balloon. 

2  4 

6.  Sp.  gr.  =  - .     Height  immersed  =  5  -  inches. 

o  7 

7.  Xo  change  will  take  place  till  the  stone  falls  from  the 
ice,  it  will  then  displace  less  water  than  before,  and  the  sur- 
face will  consequently  sink. 

9.  Taking  a  cubic  foot  of  water  to  weigh  1000  oz.,  the 
resultant  pressure  is  30000  lbs.  The  pressure  would  be  the 
same  inside  as  outside. 


10. 

102  fathoms 

11.     125 

oz. 

12. 

The  fluid 

sui'face 

16. 

2 
7' 

18. 

• 

A 

{2h  +  c-Jc^ 

+  4A'-)  +  «(\^C' 

+  4/i«-c) 

2AI 

19. 

lOlbs. 

20. 

10  and  8. 

21. 

11  inches. 

22. 

33  :  a 
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A.    B.    WESTEEFELT,    H.M.    Model    School, 

Mt.  Forest. 
Kixkland  &  Scott's  Eleuaentary  Arithmetic  is  an 
excellent  work.    It  is  intensely  practical. 

SAML.  K.  BEOWN,  Head  Teacher,  Sep  Schools, 
Loudon,  Out. 
I  have  carefully  examined  your  Elementary,  (by 
Kirkland  &  Scott)  and  I  consider  it  far  superior  to 
any  other  book  of  the  kind  with  -which  I  am  ac- 
quainted, and  just  what  we  require  for  onr  junior 
classes.    I  will  introduce  it  immediately. 

ST,  MAEY'S  AEGUS. 
The  arrangement  of  the  workis  thoroughly  ration- 
al, the  oral  and  slate  exercises  are  exactly  what  is 
needed,  being  sufficiently  simple  and  yet  well  cal- 
culated to  develop  the  thinking  faculties  while  the 
adoption  of  the  simple  and  uniform  system  of 
working  all  problems  by  analysis  and  deduction 
makes  the  book  correspond  with  the  method 
of  .  teaching  arithmetic  now  being  adopted 
by  all  intelhgent   teachers. 

EDUCATIONAL  JOUENAL   OF  VIEGINIA. 
This   volume  presents  in  a  condensed   form   all 
that  is  needed  in  an  elementary  book. 

JOHN  McINTOSH,  Principal  Granby  Academy. 

The  Elementary  Arithmetic,  by  Ifirkland  and 
Scott,  is  estimated  so  highly  by  me,  that  I  shall 
take  immediate  steps  to  have  it  introduced  into  the 
Academy,  of  which  I  have  charge.  As  an  introduc- 
t  ry  woik,  there  is  no  text-book  in  use  which 
equals  it  in  all  that  is  necessarv  both  from  the 
standpoint  of  the  teacher  and  pupil. 


KIEKLAND    AND    SCOTT'S    ELEM.     AEITHMETIC. 

SCHOOL  BULLETIN,  Syracuse,  N.  T.     > 
We  think  the  book  is  oue  of  decided  merit. 

A.  KENNEDY,  Head  Master  Martintown  Model 
School. 
I  consider  it  the  best  contribution  to  arithmetic 
which  has  been  made  of  late  years.  The  arrange- 
ment of  the  ■K'ork  is  excellent,  the  exercises  being 
well  adapted  for  be.'^'inners,  each  series  preparing 
the  pupil'f  or  the  next. 

GEO.  B.  WAED,M.A.,  Head  Master  H.  S.,  Orillia. 

I  have  used  the  work  with  private  pupils  pre- 
paring for  the  entrance  examination,  and  have 
derived  much  satisfaction  from  the  plan  of 
the  subjects  and  the  explanations  therein. 
The  method  of  reasoniufi  adopted  afforded 
great  pleasure  to  the  pupils  also,  who  taus  seemed 
to  be  able  to  dispense  with  much  oral  instruction. 
The  miscellaneous  examples  and  the  hints  for  work- 
ing some  of  them  are  very  valuable.  I  speak  of 
pupils  drspensing  with  oral  instruction,  not  that 
th-s  is  advisable,  but  merely  to  skow  that  the 
methods  are  so  clear  that  after  following  the  ex- 
planations the  pupils  were  easily  enabled  to  work 
out  mentally  any  given  example. 

A.  C.  OSBORNE,  H.  M.  Model  School,  Napanee. 

I  do  not  hesitate  to  pronounce  it,  as  far  as  I  am 
capable  of  judging,  a  vast  imjirovement  on  the  text- 
books heretofore  used.  Considerable  prominence 
(though  not  too  much)  has  rightly  been  given  to  the 
"Unitary  Method"  nnd  the  method  of  enunciating 
principles  by  example  and  deduci  g  the  rale  there- 
from, backing  them  up  by  the  vast  number  of  prac- 
tical problems,  materially  enhances  the  value  of  the 
work.  I  like  very  much  the  style  of  introducing 
practical  problems  from  the  beginning. 

A.  D.  McQUABEIE,  Headmaster  Valleyfleld  Model 
School,  Quebec. 
The  Elementary  Arithmetic  is  just  what  is  re- 
quired, and  I  believe  will  be,  in  the  hand  of  an 
experienced  teacher,  far  superior  to  anything  we 
have  had. 

The  Daily  Expositor,  Brantford,  Ont. 
Kirkland  and  Scott's  Elementary  Arithmetic  i"  a 
highly  practical  little  book,  intended  as  an  intro- 
ductorv  text-book  to  Hambliu  J^mith's  Arithmetic. 
The  authors  are  well  known  for  their  high  standing 
In  scholastic  circles  and  practical  knowledge  of  the 
teaching  profession^ 


KIRKLAXD    AND    SCOTT  S   ELEM.    AlUTH-METIC. 

A.  C.  A.  DOANE,  Insp.,Shelburne  Co.,  Nova  Scotia. 
I  am  ranch  pleased  with  the  Elementary  Arith- 
metic by  Kirkland  &  Scott.  It  is  one  of  the  best  of 
the  Mud  I  have  seen.  The  definitions  and  explana- 
tions are  simple  and  may  be  easily  understood,  the 
mental  esercises  and  problems  are" calculated  to  de- 
velop thought  and  show  the  practical  uses  of  the 
science,  the  reviews  tend  to  produce  thoroughness, 
and  the  examination  papers  serve  to  test  the  pupil's 
capacities  and  the  extent  of  their  acquisitions.  On 
the  whole  it  is  admirabh'  adapted  to  tne  elementary 
departments  of  our  common  schools,  and  as  such 
deserves  to  come  into  general  use. 

A.  AXDEEWS,  Head  Master  Niagara  H.  S. 
The  Elementary  Arithmetic  will  serve  as  a  capital 
introduction  to  the  Canadian  Edition  of  Hamblin 
Smith's  Arithmetic.  These  two,  along  with  Exami- 
nation Papers  by  McLellan  &  Kii-kland,  and  the 
Mental  Arithmetic  by  Dr.  McLelian,  leave  teachers 
nothing  more  to  desire  in  the  way  of  text-books  on 
this  subject. 

The  Dumfries  Eeformer,  Ont. 
The  an-angement  of  the  work  is  thoroughly 
rational,  and  the  oral  and  slate  exercises  are  exact- 
ly what  is  needed,  being  suifiriently  simple  and  yet 
well  calculated  to  develop  the  thinkuig  faculties, 
while  the  adoption  of  the  simple  and  unif.  rm  sys- 
tem of  working  all  problems  by  analj'sis  and  'leduc- 
tiou  makes  the  book  correspond  witli  the  method  of 
teaching  arithmetic  now  being  adopted  by  all  intel- 
ligent teachers.  This  most  excellent  little  book 
deserves  general  introduction  to  the  junior  depart- 
ments of  our  common  schools. 

J.  F.  JEFFERS,  M.A.,  H.  M.  Coll.  Inst.,  Peterboro\ 
The  Elementary  Arithmetic  bv  Messrs.  Kirkland 
&  Scott  is  valuable  for  its  simplicity  of  definition, 
omission  of  things  obsolete,  and  for  the  rational, 
practical  nature  of  its  examples. 

T.  L.  MICHELL,  B.A.,  H.  M.  High  School,  Perth. 

I  have  made  a  careful  examination  of  the  Elemen- 
tary Arithmetic  by  Kirkland  &  Scott,  and  have  no 
hesitation  in  attesting  to  its  merits  as  a  text  book, 
both  in  respect  to  matter  and  the  mau)ier  in  which 
the  different  steps  are  introduced.  It  is  a  gootl  ]ire- 
pai-atory  book  to  Hamblin  Smith's  Advanced  Ai-irh- 
metic.  and  as  such  should  be  introduced  into  every 
pubUc  school  in  the  land. 

E.  ALEXANDER,  H.  M.  Gait  Model  School. 
I  am  plaased  with  the  arrangement  of  the  subjects 
and  the  practical  character  of  the  problems.    It  ia 
very  suitable  for  junior  classes. 


HAMBLIN    SMITH'S 

MATHEMATICAL  WOP.KS 

ASS  USSS  ALMOST  KXCLUSIVfLT 

In  the  Normal  and  Model  Schools,  Toronto; 
Upper  Canada  College;  Hamilton  and 
Brantford  Collegiate  Institutes;  Bow- 
manville,  Berlin,  Belleville,  and  a  large 
number  of  leading  High  Schools  in  the 
Province, 


HAMBLIN  SMITH'S  ALGEBRA, 

With  Appendix,  by  Alfred  Baker,  B.A.,    Mathematical  Tutor,    Uni- 
versity College,  Toronto.    Price,  90  cents 

THOilAS  KIRKLAND,  M.A.,  Sci^     d  Master,  Normal  School. 

"  It  is  the  text-book  on  A]gc^  a  for  candidates  for  second-class 
certificates,  and  for  the  Intermc  .:e  Examination.  Not  the  least 
valuable  part  of  it  is  the  Appenc^      by  Mr.  Baker." 

GEO.  DICKSON,  B.A.,  Hea     Master,  Collegiate  Institute,  Hamilton 

"  Arrangement  of  subjects  good  ;  explanations  and  proofs  exhaus- 
tive, concise  and  ctear ;  examples,  for  the  most  part  from  University 
and  College  Examination  Papers,  are  numerous,  easj'  and  progres- 
sive. There  is  no  better  AJgebra  in  use  in  our  High  Schools  and 
Collegiate  Institutes." 


WM.  R.  RIDDELL,  B.A.,'B.  Sc,  Mathematical  Master,  Normal 
School,  Ottawa. 

"  The  Algebra  is  admirable,  and  well  adapted  as  a  general  text- 
book." 

W.  E.  TILLEY,  E.A.,  Mathematical  Master,  Bowman%ille  High  SchooL 

"  1 1 10k  on  the  Algebra  as  decidedly  the  best  Elementary  Work  on 
the  subject  we  have.  The  examples  are  excellent  and  well  arranged. 
The  explanations  are  easily  understood." 

R.  DAWSON,  B.A.,  T.C.D.,  Head  Master,  High  School.  Belleville. 
"With  Mr.  Baker's  admirable  Appendix,  there  would  seem  to  be 
nothing  left  to  be  dcsii-ed.  We  have  now  a  first-class  book,  well 
adapted  in  all  respects  to  the  wants  of  pupils  of  all  grades,  from  the 
beginner  in  our  Public  Scliools  to  the  most  advanced  stuilent  in  our 
Collegiate  Institutes  and  liiLch  Schools.  Its  publication. is  a  great  boon 
to  the  over-worked  mathematical  teachers  of  the  Province." 


HAMBLIH     SMITH'S    ALGEBRiL. 

With  Appendix  by  ALFRED  BAKER,  B.A.,  Matherr.atical  Tutor, 

University  College,  Toronto.     4th  Ed.,  90  cts. 
Authorized  by  the  Minister  of  Education  for  Orjtario. 
Autliorized  by  the  Cojincil  of  Public  Instruction  for  Qiiebec 
Becommended  by  the  Senate  of  the  University  of  Halifax. 

C  MACDONAU),  Prof.  Mathematics,  DaUiousie  College,  Halifax. 

**  I  have  received  a  set  of  yonr  Mathematical  Publications,  viz., 
the  Treatises  on  Arithmetic,  Algebra,  and  Geometry,  by  Mr.  Hamb- 
lin  Smith.  Tliey  all  seem  to  me  admirable  treatises,  and  fitted  to 
be  the  text  books  for  more  thorough  and  scientific  teaching  than 
hss  yet  found  its  way  into  the  majority  of  our  high  schools  and 
academies.  Of  the  copious  exercises  in  elementaxj-  algebraic,  pro- 
cesses every  thorough  teacher  will  approve,  since  experience  shews 
that,  £LS  discipline  in  grammar  is  the  main  requirement  of  the 
young  student  of  classics,  so  practice  in  algebraic  manipulations  is 
the  fundamental  requirement  of  the  algeliraist.  Then  again,  the 
reference  of  equations  invoking  the  treatment  of  radicals  to  a 
separate  and  advanced  section,  marks  the  author  as  one  who  has 
sympathy  with  the  difficulties  of  beginners.  The  expositions  are 
n'm'fm-mly  succinct  and  clear.  The  geometry  has  merits  equally 
high.  MaJDT  of  Euclid's  methods  are  improved  on.  and  jn-opositions, 
not  as  in  Euclid,  deduced  from  a  common  principle.  I  may  in?;tance 
two  propositions  in  the  3rd  book,  the  22nd,  and  the  31st.  Theuiethod 
of  superposition  of  triangles  employed  in  the  earlier  propositions 
of  the  6th  book,  will  be  to  many  a  striking  novelty,  and  it  is  umform 
Of  course,  many  of  us,  from  long  practice  in  expounding  and  critj. 
cising  Euclid's  "element,  had  arrived  long  ago  at  these  methodg^ 
But  it  may  be  doubted  if  they  are  generally  known.  They  ar^ 
nnquestional'ly  preferable  to  the  old,  though  Euclid's  metliodg 
ought  to  be  explained  along  with  them.  "We  want  sadly  a  natiouaj 
Euclid,  and  this  is  the  best  approximation  to  it  that  I  have  seen. 
■We  in  Dalhousie  include  these  books  as  admissible  and  recom- 
mended text  books  in  our  mathematical  classes  of  the  first  year. 
They  are  sure  to  couiS  into  extensive  demand,  as  their  merits  come 
to  be  recognised- 

B.  C.  WEIiDON,  M«A..,  Math.  Master  Moimt  Allison  CoUege, 

Sackville,  N.  B. 
"We  are  using  your  Algebra  in  our  Acatemy.*" 

A.  C.  A.  DOANE,  Inspector  of  Schools,  Barrington,  N.  S. 
"The  algebra  as  an  elementary  work  contains  all  that  is  needed 
for  our  better  class  of  common  schools.  The  aiTangement  is  such 
&8  to  lead  the  student  from  first  principles  graduahy  to  the  intri- 
cacies of  the  science,  and  then  with  lucid  discussions  to  unravel 
those  intricacies  and  bring  the  whole  under  the  comprehension  of 
every  or<linary  intellect.  The  examination  papers  form  a  valuable 
and  'useful  part  of  the  work.  I  can  nuhesitatinely  recommend  it 
to  teachers  as  well  adapted  to  aid  them  materially  in  their  work, 
and  to  students  as  a  text  book  •well  suited  to  their  needs. 


C.  T.  ANDREWS,  Inspector  for  Queen's  Co.,  N.  S, 
"  I  have  examined  Hamblin  Smith's  algebra  and  found  the  ex- 
amples admirably  arranged  in  a  progre.=;sive  order,  easy  and  weU 
adapted  for  the  use  of  our  public  schools,  into  which  I  shall  be 
pleased  to  recommend  its  introduction. 

HEEBEBT  C.  CREED,  M.A.,  Math.  Master  Normal  Scotia, 
Fiedericton,  N.B. 

"I  have  made  sufficient  acquaintance  with  HambHn  Smith's 
algebra  to  be  satisfied  of  its  excellence  as  a  text  book,  and  to  war^ 
rant  zne  in  recommending  it  to  one  of  my  classet. 


THREE  EDITIONS  SOLD  IN  SIX  MONTHS 

—OF— 

HAMBLIN  SMITH'S  ARITHMETIC, 
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THOMAS  KIRKLAND,  M.A.,   Science  Master  Normal 

School,  Toronto,  and 
WM.  SCOTT,  M.A.,  Head  Master  Model  School,  Ontario. 


4th  Edition,  Price,       -       75  Cents. 


Authorized  by  the  Minister  of  Education,  Ontario. 
Authorized  by  Ihe  Council  of  Public  Instruction,  Qiiebee, 
Recommended  by  the  Sena'c  of  the  Univ.  of  Ixalifax. 
Authorized  by  the  Chief  Supt.  Edtication,  Manitoba. 


FROM    NOVA    SCOTIA. 

A.  C.  A.  DOANE,  Inspector  of  Schools,  Barrington,  N.  8. 

"  Hamblin  Smith's  arithmetic  seems  very  suitable  to  the  neces- 
sities of  our  public  schools.  The  exercises  are  adruirable,  and  the 
examination  papers  are  invaluable  as  aids  to  teachers  in  thorough 
training.  They  will  also  prove  of  great  serv-ice  to  pupils  desirous 
of  passing  the  grade  tests.  The  author  appears  not  to  rely  so  much 
on  set  rules  as  upon  explanations  and  the  clearing  of  seeming 
obscurities,  so  that  pupils  may  readily  comprehend  the  questions 
and  proceed  to  the  solutions.  I  cordially  recommend  its  use  to  all 
those  desirous  of  obtaining  an  acquaintance  with  this  branch  ol 
Dseful  knowledge. 


C.  F.  ANDREWS,  Inspector  for  Queen's  Co.,  Nora  Scotia. 

"  I  have  much  pleasure  in  certifying  to  the  stiperiority  of  the 
Canadian  edition  of  HambUn  Smith's  Arithmetic  over  any  text 
book  on  that  subject  that  has  yet  come  under  my  notice.    It  is 

Eractical,  complete  and  comprehensive.    The  appendix  and  exara- 
lation  papers  are  important  and  valuable  features.    I  shall  be 
pleased  to  recommend  its  early  introduction." 


W.  S.  DANAGH,  M.A,,  Inspector  of  Schools,  Cumberland,  N.  B. 

Hamht.in  SsnxH's  Arithmetic— "It  has  a  value  for  candidates 
preparing  for  public  examination,  as  the  examples  have  been 
mostly  culled  from  Examination  papers,  indeed  I  may  say  tliat  I 
have  not  seen  any  other  work  on  this  branch  that  is  so  specially 
calculated  to  assist  the  student  in  passing  with  credit  official  Usts. 
I  therefore  think  that  Hambhn  Smith's  Arithmetic  should  be 
placed  on  the  authorized  list  of  books  for  public  schools.' 


EXAMINATION    PAPERS 


ARITHMETIC,         | 

By  J.   A.    McLellan,    LL.D.,   Inspector  High  Schools,   and  « 

Thos.  Kirkland,  M.A.,  Science  Master,  Normal  School,       ^ 

Toronto.  § 


PRICE     §1.0  0. 


From  the  GUELPH  MERCURY. 

.  .  .  The  work  is  divided  into  six  chapters.  The  first  is  on  the 
Unitary  Method,  and  drives  solutions  showing  its  apphcation  to  a 
variety  of  problems,  in  Simple  and  Compound  Proportion  ;  Percentage, 
Interest,  Discount,  Profit  and  Loss  ;  Proportional  Parts,  Partnership; 
Chain  Kule,  Exchange,  Alligation ;  Commission,  Insurance.  &c., 
Stocks,  and  Miscellaneous  Problems.  The  second  is  on  Elementary 
Rule^,  Pleasures  and  Multiples,  Vulgar  and  Decimal  Fractions.  The 
third  contains  Examination  Papers  for  entrance  into  High  Schools  and 
Collegiate  Institutes,  the  fourth  for  candidates  for  third-class  certifi- 
cates, the  fifth  for  candidates  for  the  Intermediate  Examination  and 
second-class  certificates,  and  the  sLxth  for  candidates  for  third-cla.ss 
certificates  and  University  Honours.  It  -will  be  obsers-ed  that  the  work 
begins  with  the  fundamental  rules — thoss  principles  to  be  acquired 
when  a  pupil  first  enters  upon  the  study  of  Arithmetic,  and  carries 
him  forward  till  prepared  for  the  highest  class  of  certificates  and  for 
Honours  of  the  Uni\ersity.  ,  .  .  Teachers  will  find  in  it  a  necessary 
help  in  supplying  questions  to  give  their  classes.  Those  who  aspire  to 
be  teachers  capuot  have  a  better  guide — indeed  *here  is  not  so  good  a 
one — on  the  subject  with  which  it  is  occupied. 


From  the  ADVERTISER. 

...  By  all  who  are  groping  after  some  method  better  than 
they  have  at  present,  this  volume  will  be  cordially  welcomed,  and 
many  who  have  never  suspected  the  possibility  of  accomplishing  so 
much  by  independent  methods,  will  be,  by  a  perusal  of  the  mtroduc- 
tory  chapter,  impelled  to  think  for  tliemselves,  and  enabled  to  teach 
their  pupils  how  to  do  so.  .  .  .  It  is  far  buperior  to  anything  of  the 
kind  ever  introduced  into  this  country.  .  .  .  The  typograi)]i;cal 
appearance  of  the  work  is  of  a  very  high  character— quite  equal,  iu 
fact,  to  anything  of  the  kind  issued  by  the  best  publishing  houses  of 
London  or  New  York. 


From  the  TELESCOPE. 

.  .  .  The  plan  of  the  work  is  excellent,  the  exercises  being 
arranged  progressively,  each  series  preparing  the  student  for  the  next. 
The  problems  are  all"  original,  and  so  constructed  as  to  prevent  the 
student  using  any  purely  mechanical  methods  of  solution.  .  .  .  We 
should  really  feel  proud  of  our  Canadian  Authors  and  publishing 
houses,  when  we  consider  the  infancy  of  our  country  and  the  progress 
it  has  made  and  is  makings  in  educational  matters,  and  particularly  id 
the  recently  published  educationtJ  works. 


DR.  MCLELLAN  S  MENTAL  ARITHMETIC. 

From  the  CHATHAIi  PLANET. 
This  book  will  prove  an  important  auxiliary  in  the 
study  of  arithmetic. 

A.  C.  HERRICK,  Head  Master  of  Public  Schools, 
Collingwood. 
McLellan's  Mental  Arithmetic,  Part  I.,  is  every- 
thing that  can  be  desired  as  such.  It  should  be  in 
the  hands  of  all  teachers.  Its  Fource  is  a  suflQcient 
guarantee  for  its  thoroughness.  I  would  be  pleased 
to  see  it  introduced  into  all  our  schools. 

R.  KINNEY,  M.  D.,  Insp.  Public  Schools,  District 
No.  2,  Leeds. 
"Well  adapted  for  use  in  our  pubhc  schools. 

D.  H.  HUNTER,  M.A.,  H.  M.,  H.  S.  Waterdown. 
It  is  an  excellent  little  work,  which  will  supply  a 
want  long  felt  by  Canadian  teachers. 

J.  FRITH  JEFFEES,  M.A..  Coll.  Inst.,  Peterborough. 
The  Mental  Arithmetic  by  Dr.  McLellan  supplies 
a  want  in  our  list  of  text-books.  Ever  since  the 
introduction  of  the  unitary  method  of  teaching 
written  arithmetic  there  has  been  needed  such  a 
guide  in  mental  exercise.  The  methods  of  opera- 
tion and  the  character  of  the  examples  make  the  little 
book  worthy  of  a  prominent  place  in  school  work. 

W.  H.  LAW,  B.A.,  Prin.  High  School,  BrockvUla. 
It  will  supply  a  very  great  defect,  and  I  am 
sure  the  profession  v.-ill  cordially  welcome  it. 
Rapidity  with  accuracy  is  not  found  in  our  schools, 
and  the  Doctor's  excellent  publication  will  admir- 
ably accompiish  these  results. 

J.  H.  McFAUL,  H.  M.  :Model  School,  Lindsay. 
It  is  a  most  excellent  drill  manual,  and  should  be 
in  the  hands  of  every  scholar. 

A.  BOWMAN,  M.A.,H.M.  High  School,  Farmersville 
The  Mental  Arithmetic,  like  its  author,  needs  no 
commendation.    lb  was  needed,  and  will  be  much 
used. 

M.  Mcpherson,  m.a.,  h.  s.  s.,  Prescott. 

You  certainly  deserve  tho  thanks  of  all  who  aie 
interested  in  the  education  of  our  youth,  for  your 
efforts  to  supply  our  te;iohcrs  and  pupils  with  suit- 
able text  bo  'ks.  I  t:m  pleased  with  McLellan's  Men- 
tal Arittanetic,  and  hopo  it  -^ill  soon  be  in  the  hands 
of  every  teacher  in  this  Province.  Were  more  atten- 
tion (riven  to  mental  arithmetic  in  the  nrimary 
classes  m  our  Public  Scnools,  there  would  be  fewer 
failures  at  our  second  class  and  intermediate  exa- 
lainations. 


ENGLISH    GEAMMAE 

BY  C.  P.  MASON,  B.A.,  F.C.P., 
Fellow  of  UNiTEBSirr  College,  London, 

With  Examination  Papers  by    W,  Houston,    M.A. 
PRICE     75     CENTS. 


ALEX.  Sni.  ilA.,  H.  M.,  H.  S.,  OakTiUa 
Upwards  of  three  years  ago  I  p.sked  a  grammar  school    nspectoi 
in  the  old  country  to  send  rae  the  best  grammar  publi  hec?  there. 
He  immediately  sent  me  ilason. 

A.  P.  KNIGHT,  M..\.,  HJil.,  Kingston  Collegiate  Institnte. 
Incomparably  the  best  text  book  for  the  senior  classes  of  onr 
high  schools  that  has  yet  been  offered  to  the  Canadian  public. 

J.  KDsG.  M.A.,  LX.D,,  Principal,  Caledonia,  H.  S. 

Mason's  gi-ammar  wiU  be  found  a  most  valuable  class-book  •?§ 
pecially  for  the  instruction  of  advanced  classes  in  Enghsh.  The 
chapter  on  the  Analysis  of  difficult  sentences  is  of  itself  sufficient 
to  place  the  vrovk  far  l>eyond  any  English  grammar  hitherto  be- 
fore the  Canadian  pubUc. 

RICHAED  LEWIS,  H.  M.,  Dufferin  School  Toronto. 
As  a  philosophical  treatise  its  discussion  of  doubtful  points  and 
its  excellent  methods  and  delinitions  cannot  fail  to  give  it  a  high 
rank  in  the  estimation  of  the  best  judges  of  such  vrorks — the  school 
teachers  of  the  country.  It  has  reached  a  tweuty-fii-st  edition  in 
England  and  1  have  no  doubt  it  "will  meet  "with  the  same  high  ax>- 
preciation  in  this  Pro\-ince. 

JOHN  SHAW,  H.  M.,  H.  S.,  Omemee. 
*  *  *  Mason's  Grammar  is  just  such  a  book  as  many  teachers 
have  been  hoping  to  see  introduced  into  our  schools,  its  method 
being  to  teach  the  subject  by  explanation,  deiinition  and  abun- 
dant illustrations  -without  stereotyped  rules  thereby  making  the 
study  even  attractive. 

D.  C.MacHENRY.  B.  a.,  H.il.,  Cobourg  Col.  Institute. 
It  is  an  excellent  and  rehable  "worii.    It  "wiU  be  "weU  received  by 
te-achers  and  advanced  pupils. 

JOHN  JOHNSTON,  P.  S.  I.,  BelleviUe  and. South  Hastings. 
Of  all  the  grammars  that  I  have  seen,  I  cousider  Mason's  the 

.J.  MORRISON,  MA.,  MJ).,  Head  Master,  High  School.  ^ ewmarket. 
I  have  ordered  it  to  be  used  in  this  school.  I  2onsider  it  by  far 
the  best  English  grammar  for  high  school  pun^oses  that  has  yet 
appeared,  NVith  "  Maaon  "  and  "l-ieming"  nothing  more 
t.>  hedetired- 


TO  AVOID  CONFUSION,  ASK  FOR 

IIILLEE'S  S77INT0N'S  LANGUA&E  LESSQIIS, 

The  new  Authorized  Grammar, 

MILLER'S  SWIiTOi'S   LfliGOAGE   LESSOIIS, 

BY  J.  A.  McMillan,  b.  a. 

The  only  Edition  prepared  as  an  Introductory  Text  Book  to 
MasoWs  Grammar. 

In  Jliller's  Edition  of  Language  Lessons  Tlie  Definitions  of 
file  Parts  of  *^peecli  are  now  made  isteutical  ivitb 
x^iaMOu's  Giaeisaiar. 

The  Classtacation  of  Pronouns,  Verb*-,  floods,  and 
C;ieiierai  'I'realuieut  are  the  same  as  in  Jlasou's  Text 
Book. 

miller's  Edition  is  prepared  as  an  introductory  Text  Book 
for  Mason's  Grammar,  the  authorized  hook  for  advanced  classes 
for  Public  Schools,  so  that  what  is  Icampd  by  a  pupil  in  an  elemen- 
tary text-book  will  not  have  to  be  unlearned  when  the  advanced  book 
la  used,  a  serious  fault  with  many  of  the  graded  Public  School  Books. 

Miller's  ¥:dition  contains  all  the  recent  examination  Papers 
set  for  admission  to  High  Schools. 

ilIIIil^ER'S    SWINTON'S   LANGUAGK   LESSONS 

is  authorized  by  the  Education  Department  of  «jntario, 
is  adopted  by  the  Schools   of  Montre  il, 
is  authorized  by  the  Council  of  PubUc  Instruction,  Manitoba. 

To  the  President  and  Members  of  the  County  of  Elgin  Teachers 
Association : 

In  accordance  with  a  motion  passed  at  the  last  regular  meeting  of 
the  Association,  appoincing  the  undersigned  a  Committee  to  con- 
sider the  respective  merits  of  different  English  Grammars,  with  a 
view  to  suggest  the  most  suitable  one  for  j'ublic  Schools,  we  h-g 
leave  to  report,  that,  after  fully  comparing  the  various  editions  that 
liave  been  recommended,  we  believe  that  "Miller's  Swintons 
Language  Lessons"  is  best  adapted  to  the  wants  of  junior  pupils 
and  would  urge  its  authorization  on  the  Government,  and  its  iniro- 
duction  into  our  Public  Schools. 

St.  Thomas,  Nov.  3cth,  1878. 

A.  F.  BTJI  LEE,  Co.  Inspector. 

J.  McLKAX,    J  own  Inspector. 

J.  MILLER,  M.A.,  Head  Master  St  Thomas  Hich  Sch-iol 

A.  STEELE,  B  A.,  ••  Avhner  High  School 

N.  M.  CAMPisELL,         "  Co.  of  Eigic  ilodel  School. 

It  was  moved  and  seconded  that  the  report  be  received  a;  il 
adopted  — Carried  unanimously. 

L»rice,  Clotli   Extra,         -        SJ^e. 

ADAM  MILLS?-  cb  CD.  '"^ 

Wliole  JSeries  in  One   Volume  Uomplete,    $1.00. 


The  New  Authorized  Elementary  (xrammar. 


MILLERS  SWIHTON'S  LAHGUAGE  LESSONS. 

Miller's  Swinton's  Language  Lessons  is  used  exclu- 
sively in  nearl}^  all  the  Principal  Public  and  Model 
Schools  of  Ontario.     Among  them  are 

4»tfa>va,  Hamil4on,  Whiluy,  Fort  Hope,  Coboiirg,  Mitchell. 
N,.  •ijssj'e,  Erockville,        Liudsny,  St.  Catharines, 

Sirafhroy,        Jiaearord*  lxbri«lge.  Brantrord, 

^Vlndtor,         Clintou,  St.  Thomas.       Perth, 

Seaforib,  Listonel,  Braeebridge.    Belleville. 

Acbopted  bj  the  Piotestant  Schools  of  Blontrj-al  a!cd   Levi 

College,  Quebec,  ^lichools  of  IViuiiipeg,  ^laisitoba, 

and  St.  John's,  .^ew  Foundlaid 

Resolution  passed  unanimously  by  the  Teachers'  As 
sociation,  (North  Huron),  heldat  Brussels,  May  17,  1878 
''  Eesolved,  That  the  Teachers  at  this  Convention  are  of 
opinion  that  'Miller's  Swmton  Language  Lessons/ 
by  McMillan,  is  the  best  introductor}-- work  on  Grammar 
for  Public  School  use,  since  the  definitions,  classification 
and  general  treatment  are  extremely  simjiile  and  satis 
factory." 

In  my  opinion  the  best  introductory  Text-book  to 
Mason's  Grammar.  All  pupils  who  intend  to  enter  a 
High  School  or  to  become  students  for  Teachers'  Certifi- 
cates, would  save  time  by  using  it. 

W.  J.  CAPtSON,  H.  M., 

Model  School,  London. 
The  definition's  in  "  Miller's  Swinton  Language  Les- 
sons" are  brief,  clear  and  exact,  and  leave  lUtle  to  be 
unlearned  in  after  years.  The  arrangement  of  the  sub- 
jects is  logical  and  progressive,  and  the  book  admirably 
helps  the  judicious  teacher  in  making  correct  thinivers 
and  ready  readers  and  writers 

B.  W.  WOOD, 
1st  A  Provincial  H.,  P.S.,  Trenton  Falls. 


Be  carcfnl  to  asK  for  HILLEK'sJ  ^^ll.NTO.V,  as  olu   i- ttliu;;H>» 
Hr  «>  iu  the  uiurkei. 


THS   BPOOH    PRIIKESR 


Being  an  Introductory  Volume  to  the  series  of  Epochs  of  English  Historyt 
by  the  Rev.  MAN  DELL  CKEIGHTUX,  X.  A.,  late  Fellow  and  Tutor  of  Mer" 
ton  College,  Oxford ;  Editor  of  '  Epochs  of  English  History. '  Ecp.  8vo.pp- 
148,  price  30  cts.  cloth. 


'  In  making  history  attractive  to  the 
young  the  Author  has  proved  his  apti- 
tude in  a  department  of  literature  in 

which  few  distinguish  themselves 

The  narative  is  £0  sustained  that  those 
who  take  it  up  will  have  a  desire  to 
read  it  to  the  end.' 

Dundee  Adtertisek. 

'This  volume  is  intended  tobe  in-; 
troductory  to  the  Epochs  of  English  j 
History,  and  nothing  could  he  better' 
adapted  for  tiiat  purfjose.  The  little ; 
book  is  admirably  done  in  all  respects,  ; 
and  ought  to  have  the  effect  of  sending 
pupils  to  other  and  fuller  sources  of, 
historical  knowledge.'        Scotsma:^.     | 

'Mr  Cri  iGHTos's  introduction  to  the] 
Epochs  of  English  History  covers  in! 
a  hundred  and  forty  pages  more  than 
1800  years,  but  having  regard  to  its 
extreme  condensation  is  weU  worthy 
of  notice.  On  the  whole  the  work  is 
admirably  done,  and  it  will  no  doubt 
obtain  a  very  considerable  sale.'  I 

ATHE>-.2:uai.     I 

'  An  admirable  little  book  that  can ; 
scarcely  fail  to-  obtain  a  considerable 
popularity,!  notwithstanding  the  great 
number  of  previous  attempts  made  to 
relate  the  history  of  England  in  a  very 
small  compass  — In  this  epitome  the 
epochs  become  chapters,  but  an  in- 1 
teresting  account  is  given  of  such  j 
events  as  are  likely  to  be  attractive,  or 
even  moderately  intelligible  to  young 
readers.'  Welshman.     , 

! 

'  The  excellent  series  of  little  books 
published  under  the  title  of  Epochs  of 
English  History,  edited  by  the  Eev. ; 
Mandell  Creighton,  M.  A.,  and  writ- 
ten by  various  able  and  eminent  writers 
being  now  complete,  the  Editor  has' 
prepared  an  introductory  volume,  cal-' 
led  the  Ejjoch  Pnmer,  comprising  a 
concise  summary  of  the  whole  series.  I 
The  special  value  of  this  historical  out-  j 
line  is  that  it  gives  the  reader  a  com-j 
prehensive  view  of  the  course  of  mem- 
orable events  and  epochs  and  enables' 
him  to  see  how  they  have  each   con 


tributed   to   make  the  British  Nation 


what  it  is  at  the  present  day.  i 

.  LlTKRARY  "WOHLl).        ' 


'As  all  the  leading  features — political, 
social  and  popular — are  given  with 
much  impartiaJity,  it  can  hardly  fail 
to  become  a  school  class-book  of  great 
utility.'  Worcester  . J  orRXAL. 

'  The  Eev.  Maxdell  Ckeighton  has 
really  succeeded  in  making  an  admir- 
able resume  of  the  whole  of  the  prin- 
ciple events  in  English  history,  from 
the  time  of  the  Koman  Invasion  down 
to  the  passing  of  the  Irish  Land  Act 
in  1870.  Interesting,  intelligible  and 
clear,  it  will  prove  of  great  value  in 
the  elementary  schools  of  the  kingdom; 
and  those  advanced  in  years  might  find 
it  very  handy  and  useful  lor  casual 
reference.'    Northampton  Herald. 

'  This  volume,  taken  with  the  eight 
small  volumes  containing  the  accounts 
of  the  different  epochs,  presents  what 
maybe  regarded  as  the  most  thorough 
coui-se  of  elementn.ry  English  History 

ever  published. W^eil    suited    for 

middle  class  schools,  this  series  may 
also  be  studied  with  advantage  by 
senior  students,  who  will  find,  instead 
of  the  mass  of  apparently  unconnected 
facts  which  is  too  often  presented  in 
such  works,  a  careful  tracing-out  of 
the  real  current  of  history,  and  an  in- 
telligible account  of  the  progress  of  the 
nation  and  its  institutions.' 

AbeUJEEX  JOURXAi. 

'  The  whole  scries  may  be  safely 
commended  to  the  notice  of  parents 
and  teachers  anxious  to  find  a  suitable 
work  on  English  history  for  their 
children,  inasmuch  as  the  several 
volumes  are  simply  and  intelligibly 
written, without  being  overloaded  with 
details,  and  care  has  been  taken  to 
bring  every  subject  treated  on  within 
the  comprehension  of  the  young.  The 
namby-pamby  element,  which  is  so 
often  conspicuous  in  histories  for 
children  is  entirely  absent,  and  the 
works  in  question  are  certainly  amongst 
the  best  of  the  kind  yet  issued.  The 
little  volume  now  under  notice,  which 
brings  the  series  to  a  close,  is  fully 
equal  in  every  respect  to  the  preceding 
ones,  and  it  will  be  found  exceedingly 
useful  to  everj-  one  who  may  have  to 
teach  English  history.'  -.^j 

Lbaminoton  Coueilr.- 


"Epochs  in  History  mark  an  ^^-^n  in.  the  Study  of  it." 

G.  W.  JoHKSOX,  H.M.M.S.,  Hamilton. 


An  Acceptable  Text-Book  on  English  History 

AT  LAST  FOUND  1 

EPOCHS    OF     EriGLISH    HISTORY, 

BY 

REV.   M.  CREIGHTON,  M.A. 


Antliorized  by   tlie  Education  Department. 


Adopted  by  the  Public  Schools  of  Montreal,  and  a  number  oj 
the  best  Schools  in  Ontario. 


"  Characterized  by  Brevity  and  Comprehensiveness." — 
Canada  Presbyterian. 

"  Amongst  manuals  in  English  History  the  Epoch 
Series  is  sure  to  take  high  rank.' — Daily  Globe. 

"  Nothing  was  more  needed  than  your  excellent 
Primers  of  English  Histoiy." — Fred.\V.Kelly,M.A.,B.D., 
Lect.  in  English  History,  High  School,  Mont  eal. 


In  Eight  Volumes,  20  cents  each, 

— OE — 

WHOLE  SEEIES  in  TWO  VOLS.  ONLY  50c.  each. 


Part  I.  Contain  First  Four  of  the  Series. 
Part  II.  Contains  Last  Four  of  the  Series.    - 

-i^DAM  MILLER  &  CO. 

TOKONTO. 


CEEIGHTON^S  EP0CH50F  ENGLISH  HISTORY 

Eev.  Geo  Blair,  M,A.,  I.  P.  S.,  Grenville  County. 
"This  little  work,  published  in  tight  miniature  volumes,  at  2Cto. 
each,  is  peculiarly  adapted  for  use  in  our  Public  and  High  Schools. 
Presented  in  this  simple  and  attractive  form,  each  of  the  great 
epochs  of  English  History  can  be  cheaply,  easily,  and  thoroughly 
mastered  before  proceeding  to  the  next." 

Thos.  Carscadden,  B.A.,  Head  Master,  High  School,  Richmond 
Hill. 
"I  can  most  cordially  recommend  them   to  all  students  who  are 
candidates  for  the  Intermediate,  or  teachers'  examinations." 

J.  TuRNBULL,  B  A.,  Principal  High  School,  Clinton. 
"I  have  examined  the  'Epochs  of  English  History'  and  have 
formed  a  very  high  opinion  of  tliem,  so  much  so,  that  I  intend  to 
introduce  them  into  the  High  School  here.  As  to  the  size  and  ex- 
pense they  have  hit  the  happy  mean,  containing  all  that  is  really 
necessary  and  nothing  more." 

H.  J.  Gibson,  B.A.,  Head  Master,  Renfrew,  H.  School. 
"I  have    nrefully  examined  your  'Epochs   of  History,'  and  be- 
lieve tlicm  to  be  admirably  adapted  for  preparing  teachers  for  certi- 
ficates.   They  are  very  neatly  got  up." 

John  E.  Brvakt,  B.A.,  Clinton. 
'*  I  have  been  anxiously  waiting  for  a  Canadian  edition  of  these 
delightful  little  books,  and  now  that  we  have  these,  I  shall  introduce 
them  into  my  classes  as  soon  as  possible." 

A.  DiyowALE  FoRDYCE,  P.  S.  I.,  Fergus. 
"I  think  it  is  a  great  mistake,  at  a  time  when  imagination  is  pe- 
culiarlj' vivid,  to  expect  histoiy  to  be  studied  from  the  hare  bones 
laid  down,  and  that  the  little  work  referred  to  has  been  prepared  in 
a  simple,  interesting  way  for  tliose  commencing  the  study  of  history, 
and  fitted  to  carry  them  on  by  the  grasp  they  can  take  of  the  subject 
as  it  is  presented,  and  as  one  event  is  connected  with  another,  I 
think  some  such  introductory  work  was  much  needed." 


J.  M.  Platt.  M.D.,  P.  S.  I.,  Picton. 
"Neatness  of  *  get  up;'  simplicity  of  languiige  ;  faithfulness  of 
record;  perfection    in  arrangement;  interest  of  narrative  ;  concise 
ness  and  freedom  from  dryness  ;  or  recital  of  facts,  are  but  a  few  of 
the  recommendations  of  these  beautiful  little  works." 

F.  H.  Michel,  B.A.,  H.  M.,  H.  S.,  Perth. 
"It  has  been  said  that  a  book  that  would  supply  the  place  of 
'Collier's  British  History'  could  not  be  obtained.  This  is  more 
than  answered  by  tlie  '  j'.pochs  of  English  History.'  They  pro- 
ceed on  tlie  basis  on  whicli  historj-  should  be  taught.  Divisions  are 
made  according  to  the  inception  and  cessation  of  those  forces  that 
brought  about  changes  in  the  English  Constitution,  while  principles 
are  clearly  communicated  and  systematized.  Not  beyond  the  capa- 
bilities of  younger  children,  they  are  also  adapted  for  use  in  higher 
classes.'' 

EOBT,  RoDOERS,  Inspector  of  Public  Schools,  Collingwood. 
"As  an  aid  to  the  teacher  they  are  invaluable.'' 

GvELPH  Mercury. 
"  Tlie  8tyl2  is  simple,  and  adapted  to  the  capacity  of  children  at 
•chool." 


BEATTY  &  GLARE'S  iOOK-KEEPING. 

A  Treatise  on  Singlb  and  Double  Entry  Book-Keeping,  for  usb 
IN  High  and  Public  Schools. 

By  S,  G.  Beatty,  Principal  Ontario  Commercial  College,  Bellsvifle,  and 

Samuel  Clare,  Book-Keeping  and  Writing  Master, 

Normal  School,  Toronto. 

3rd  Ed.,  PRICE,        -        70  CENTS. 

Authorized  by  the  Minister  of  Education,  Ontario. 
Authorized  b>/  the  Chief  Supt.  Education,  Manitoba. 
Becommended,  by  the  Council  of  Fublic  Instruction,  Quebec. 

FROM  NOVA  SCOTIA  AND  MANITOBA. 

A.  C.  A.  DOANE,  Insp.  P.  Schools,  Shelburne  Co.,  Nova  Scotia. 
"  I  have  carefully  looked  over  Beatty  &  Clare's  Bookkeeping,  and 
cannot  but  «-u.mire  the  simplicity  of  the  outline,  the  practical  bearing  of 
the  transactions,  the  perspicuity  of  the  instructions,  and  the  varied  com- 
mercial character  of  the  whole  work.  It  com.mends  itself  to  teachers  as 
a  text  book  and  to  all  others  desirous  of  acquiring  a  knowledge  of  this 
important  branch." 

J.  D.  McGILLIVRAY,  Insp.  Schools,  Co.  Hants.,  Nova  Scotia- 
Beaty  &  Clare's  Bookkeeping.— "  Besides  locking  over  this  book 
myself,  I  have  submitted  it  to  the  inspection  of  practical  bookkeepers  who 
agree  with  me  in  the  propriety  of  recommending  it  as  a  school  book. 
Its  directions  are  m.inute  and  to  the  point,  and  its  examples  ample." 

C.  T.  ANDREWS,  Inspector  for  Queen's  Co.,  Nova  Scotia, 
"Beatty  &    Clare's    Bookkeeping    has  had  a   careful    perusal, 
with  which  the  principles  of  bookkeeping  arc  explained  and  illustrated, 
will  recorrmend  this  work  to  any  teacher  or  pupil  preparing  for  examina- 
tion, while  it  is  suficiently  comprehensive  for  all  practical  purposes. 

L.  S.  MORSE,  M.A.,  Insp.  Schools,  Annapolis  Co.,  Nova  Scotia. 
"I  have  examined  Beatty  &  Clare's  Bookkeeping  and  find  it  to  be  an 
excellent  work.    The  definitions,  forms,  and  transactions  therein  con- 
tained, are  plain  and  simple,  yet  comprehensive  and  practical.    It  is  well 
adapted  for  use  in  the  public  schools." 

D.  H.  SMITH,  A.M.,  Insp.  Schools,  Colchester  County,  Nova  Scotia. 
"  Beatty  &  Clare's  Bookkeeping  is  an  admirable  work,  its  simplicity 
alone  is  sufBcient  to  secure  for  the  book  a  place  in  our  schools  throughoat 
che  Donainion." 


I 


W.  S.  DANAGH,  Inspector  for  Cnmberland,  N.  S. 
t' I  have  looked  into  Beatty  &  Clare's  Bookkeeping,  and  have  much 
pleasure  in  saying  that  the  work  is  just  what  is  wanted  for  boys  who  desire 
to  acquire  in  a  short  time  such  knowledge  as  will  fit  them  for  business'" 

REV.  JOHN  AMBROSE,  M.A.,  Supt.  of  Schools,  Digby,  N.  S. 
"  I  am  very  much  pleased  with  the  simplicity  and  thoroughhess  of 
Beatty  &  Clare's  Bookteeping. 

THOS.  HART,  M.A.,  Winnipeg.  -^ 

"  Several  months  ago  we  introduced  Mason's  English  Grammar  into 
Manitoba  College,  and  now  we  are  introducing  BeaUy  &  Clare's  Book- 
keeping.   We  find  them  jtnt  what  we  need  in  their  respective  subjects." 


A  Drill  Book  fur  Correct  and   Expressive   Keadino,  Adapted 

FOR     THE    USE    OP    SCHOOLS. 

By  Richard  Lewis,  Teacher  of  Elocution,  Author  of  "  Dominion  Elocu- 
tionist," ice.    3rd  Ed.,  Price  75  Cents.  jf^ 
Authorized  by  the  Minister  of  Education  for  Ontario.  %J 
Authorized  by  the  Chief  Supt  of  Education,  Manitoba. 
D,  H.  SMITH,  A.M.,  Inspector  of  Schools,  Colchester  Co.,  N.  8. 
"Lewis'  'How  to  Bead,' comes  in  good  time.    In  no  branch  of 
sfrody  is  there  more  deficiency  displayed  than  in  that  of  reading. 
Many  of  our  teachers  really  appear  to  have  no  conception  as  to 
how  reading  should  be  taught,  but  by  a  careful  study  of  Lewis' 
'How  to  Kead' they  can  without  any  difBculty  render  themselves 
fit  to  give  instruction  with  the  utmost  satisfaction." 

L.  8.  MOESE,  M.A.,  Inspector  Schoolg,  Annapolis  Co.,  N.  S. 
"Lewis'  'How  to  Bead '  treats  of  a  subject  which  cannot  be  too 
highly  recommended.  Such  a  work  is  much  needed  in  our  schools. 
The  art  of  reading  effectively  has  been  acquired  by  few  teachers, 
hence  they  should  procure  this  work  and  thoroughly  and  practi- 
cally master  the  inileb  and  principles  therein  contained- 

J.  D.  McGrLLIVEAY,  Inspector  of  Schools,  Co.  Hants. 
-    "Lewis'  'How  to  Bead,'  is  the  best  drill  book  in  elocution  for 
school  ufeo  that  I  have  seen.    I  have  read  it  over  with  a  great  deal 
of  care." 


C.  T.  ANDBEWS,  Inspector  for  Queen's  Co.,  N.  8. 
"I  have  examined  'How  to  Bead,' and  have  no  hesitation  in 
pronouncing  it  the  best  little  work  on  elocution  for  teachers  that 
has  yet  come  umler  my  notice.  A  thorough  dril)  in  the  exercises, 
with  due  attention  to  the  elementary  sounds  of  the  language  as 
illustrated  by  the  author,  and  an  intelligent  conception  of  the 
princij^les  and  suggestions  therein  given  wiU  insure  pleasing  and 
expressive  reading.  It  cannot  but  be  hailed  with  pleasm-e  by  every 
teacher  as  it  supplies  a  want  long  felt  in  our  schools,  and  gives  to 
the  important  subject  of  reading  its  due  prominence,  as  both  an 
ftrt  and  a  science." 


A.  C.  A.  DOANE,  Inspector  of  Schools,  Shelbume  Co.,  N.  S. 

"  How  to  Bead,'  is  just  what  is  needed,  both  as  a  school  class 
book  and  an  aid  to  teachers  in  the  proper  training  of  pupils  in  the 
principles  of  effective  reading. 

Eev.  JOHN  AMBBOSE,  M.A.,  Inspector  P.  Schools,  Digby,  N.  8. 
How  TO  Bead  by  Bichasd  Lewis.— "This  book,  for  the  size  of 
it,  is  the  best  by  far  that  I  have  oner  seen  on  the  subject." 

W.  L.  DANAGH,  Inspector  for  Cumberland,  N.  8. 
"How  to  Bead  is  a  seasonable  publication.  As  a  drill  book  for 
expressive  reading  it  supplies  a  desideratum  in  our  schools.  It 
must  be  admitted  that  better  teaching  on  this  branch  is  greatlv 
needed.  The  work  shows  skill  and  ia  highly  creditable  to  the 
author." 


JOHN  Y.  GUIM,  Broad  Cove,  Cape  Breton,  N.  8. 

"  The  plan  pursued  in  the  arrangements  of  the  work,  commen- 
cing with  elements  essential  to  correct  vocalization,  and  leading 
gradually  on  to  principles  and  practice  in  some  of  the  purest  gema 
of  the  language,  must  commend  itself  to  every  admirer  of  clear, 
expressive  English  reading.  The  tj-iiographical  'getup'of  the  work 
la  highly  creditable  to  the  enterprising  i>ubli8her8." 
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